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The  study  on  which  this  report  is  based  was 
made  under  authority  of  the  Agricultural  Market- 
ing Act  of  1946  (RMA,  Title  II). 


Note. — The  study  on  which  this  report  is  based  was  made  by  the  Fats  and  Oils  Branch  of  the  Production  and  Mar- 
keting Administration  in  1948-53,  and  the  report  was  ready  for  publication  in  June  1953.  The  newly  created  Agricultural 
Marketing  Service  is  now  responsible  for  the  work.  The  word  "former"  has  not  been  inserted  before  references  to  the 
Production  and  Marketing  Administration  and  the  Bureau  of  Agricultural  Economics  because  the  report  was  set  in  type 
before  the  reorganization  of  the  Department  of  Agriculture  became  effective  on  November  2,  1953. 
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SUMMARY 


On  the  recommendation  of  the  Cotton  and 
Cottonseed  Advisory  Committee  of  the  United 
States  Department  of  Agriculture,  a  study  was 
undertaken  to  determine:  (1)  The  comparative 
economies  of  different  types  of  cottonseed  oil  mills; 
and  (2)  the  effect  of  industrywide  changes  in 
types  of  mills  on  the  supply  and  the  price  of  cotton- 
seed oil  and  the  value  of  cottonseed  sold  by 
growers.  Four  types  of  mills  were  studied: 
Hydraulic,  screw-press,  direct-solvent,  and  pre- 
press-solvent. 

The  main  conclusions  of  the  study  are,  as 
follows : 

(1)  As  a  general  rule,  for  whatever  volume  of 
seed  that  may  be  available  to  an  operator  at  pre- 
vailing prices  f.  o.  b.  gins,  the  prepress-solvent 
process  ranked  first  in  profitability  or  net  revenue, 
the  direct-solvent  process  second,  the  screw-press 
process  third,  and  the  hydraulic  process  last.  (For 
exceptions  and  qualifications  of  this  general  state- 
ment see  pp.  139-142.)  This  proposition  covers 
mills  of  each  type,  ranging  from  40-  to  400-ton 
daily  crushing  capacity  and  representing  annual 
crushes  ranging  from  approximately  10,000  to 
100,000  tons  of  seed. 

The  comparative  economies  of  different  types 
of  processes  handling  the  same  crush,  varied  by 
size  of  mill,  by  size  of  crush,  and  among  mill  areas. 
For  example,  at  a  21,100-ton  crush  (under  1949-50 
cost-price  relationships)  the  calculated  amount, 
by  which  the  net  revenue  of  t the  prepress-solvent 
process  exceeded  that  of  the  hydraulic  process, 
ranged  from  $3.12  to  $4.25  per  ton  of  seed  in  sLx 
widely  separated  mill  areas.  Similar  comparisons 
of  all  types  of  processes  at  different  specified 
crushes  are  shown  in  table  85.  These  areas  repre- 
sented the  industry  in  respect  to  extremes  in  all 
important  cost  and  revenue  items. 

From  an  analysis  of  net  revenue  differences 
among  these  areas,  calculations  were  made  of  the 
least  possible  advantages  of  one  process  over 
another  at  specified  crushes  which  were  applicable 
to  any  mill  area.  In  the  example  of  a  21,100-ton 
crush,  the  least  possible  advantage  of  the  prepress- 
solvent  process  over  the  hydraulic  process  in  any 
area  was  calculated  at  $2.63  per  ton.  Similar 
comparisons  for  other  crushes  are'  shown  in  table 
93  for  all  types  of  processes. 

This  conclusion  was  reached  in  terms  of  new 
mills  because  there  is  no  way  of  placing  all  types 
of  mills  on  a  strictly  comparable  basis  through  a 
study  of  the  mills  currently  in  use.  Accordingly, 
the  conclusion  does  not  mean  that  it  would  be  more 
economical  for  operators  in  individual  cases  to 
shift  from  their  present  mills  to  newer  and  more 


efficient-type  mills.  Investment  costs  in  existing 
mills  may  have  already  been  written  off  over  a 
period  of  years  so  that  it  would  be  more  economical 
for  owners  of  many  older  mills  to  continue  with 
their  present  setups.  The  extent  to  which  this 
is  true  depends  on  knowledge  of  local  conditions. 
But  comparison  of  the  relative  economies  of  differ- 
ent types  of  mills,  as  shown  in  this  study,  with  an 
operator's  own  setup  (including  his  local  seed 
supply  and  the  useful  life  of  his  present  mill) 
would  be  helpful  in  deciding  on  the  feasibility  of 
any  major  change  in  his  plant. 

In  this  connection,  it  should  be  pointed  out  that 
the  conclusions  of  this  study  are  conservative  with 
respect  to  changes  in  types  of  mills  on  the  net 
earning  power  of  mills  as  well  as  on  the  value  of 
cottonseed  sold  by  farmers.  This  is  so  because 
the  study  involved  the  use  of  the  1949-50  average 
annual  price  of  11.67  cents  per  pound  of  prime 
crude  cottonseed  oil;  and  this  price  was  especially 
low  compared  with  the  price  of  oil  in  other  recent 
years,  with  the  value  of  other  cottonseed  products, 
and  with  most  cottonseed  processing  costs. 

(2)  Assuming  different  types  of  mills  as  operat- 
ing at  their  normal  rates,  the  calculated  effects  of 
industrywide  change  from  hydraulic  to  other  type 
processes  on  (a)  the  supply  of  cottonseed  oil,  the 
supply  of  total  edible  fats  and  oils  (excluding 
butter  and  lard) ,  and  on  (b)  the  price  of  cottonseed 
oil  were  as  follows: 

Increase  in  oil  supply 

Total  edible 
fats  and  oils 
excluding         Decrease  in 
butter  and  price  of 

Cottonseed  lard  cottonseed  oil 

Type  of  mill  Percent  Percent  Percent 

Hydraulic- 0.0  0.0  0.0 

Screw  press 2.1  ,1.1  1.8 

Direct  solvent 9.0  4.5  7.6 

Prepress  solvent 10.8  5.4  8.9 

The  basis  of  these  calculations  is  explained  in 
detail  on  pages  228  through  230. 

(3)  Finally,  in  view  of  their  different  effects  on 
the  supply  and  value  of  cottonseed  oil,  how  would 
industrywide  changes  in  types  of  mills  affect  the 
value  of  cottonseed  sold  by  growers? 

This  question  could  be  resolved  only  through 
comparing  the  cost  and  revenue  of  the  marginal 
mill  (or  mills)  of  the  current  industry  with  those  of 
the  marginal  mills  of  alternative  industry  condi- 
tions. (The  marginal  mill  of  an  industry  is  recog- 
nized as  the  smallest  mill  (1)  whose  services  are  re- 
quired for  processing  the  total  seed  crop  (approxi- 
mately 5  million  tons)  and  (2)  whose  annual  crush 
is'just  large  enough  to  enable  the  mill  to  make  only 


Vll 


enough  revenue  to  meet  total  cost,  including 
depreciation  and  interest  on  capital  investment. 
The  value  of  cottonseed  to  growers  is  dependent 
on  the  cost  of  this  marginal  mill  (or  mills)  because 
the  price  of  seed  must  be  low  enough  to  enable  it 
to  cover  its  total  cost.)  In  the  current  industry, 
the  marginal  mill  was  estimated  to  be  a  4-press 
hydraulic  mill  having  an  annual  crush  of  approxi- 
mately 6,000  tons  of  seed.  A  larger  mill  was 
calculated  to  require  a  larger  tonnage  in  order  to 
meet  all  costs,  including  depreciation  on  invest- 
ment requirements  of  a  new  plant. 

It  was  assumed  that  industrywide  changes  in 
types  of  mills  would  involve  increasing  the  size  of 
the  marginal  mill  (or  mills)  in  the  current  industry 
from  approximately  6,000-  to  10,600-ton  crush 
because  calculated  net  revenues  were  not  regarded 
as  warranting  the  construction  of  a  new  mill  of 
any  type  unless  a  crush  of  at  least  10,600  tons  of 
seed  was  available. 

Under  these  conditions,  and  assuming  "perfect 
competition,"  the  effect  of  industrywide  change 
in  types  of  mills  on  the  value  of  cottonseed  sold 
by  growers  was  calculated  as  follows: 

Increased  value 
per  ton  of 
Marginal  mill  cottonseed  sold 
crush,  by  growers, 

Industry  Tons  of  seed         Percent 

Current  industry 6,000  0.0 

Alternative  industries: 

Complete  hydraulic r 10,  600  9.  1 

Complete  screw-press 10,  600  10.  9 

Complete  direct-solvent 10,600  6.9 

Complete  prepress-solvent 10,  600  7.  8 


Differences  in  the  effect  of  industrywide  changes 
in  types  of  mills  on  the  value  of  cottonseed  sold 
by  growers  arise  from  correspondingly  different 
effects  (1)  of  such  change  on  the  supply  and  value 
of  cottonseed  oil  and  (2)  of  change  in  the  type  and 
size  of  the  marginal  mhl  (or  mills)  of  the  industry 
on  per  ton  processing  cost,  exclusive  of  seed.  In 
general,  greater  benefits  to  growers  are  possible 
from  industry  shifts  to  more  economical  size  mills 
than  from  any  mere  change  in  type  of  mill. 

If  all  mills  were  to  shift  to  the  most  efficient 
type  of  processing  for  given  seed  supplies,  the 
gains  in  efficiency  (under  "perfect  competition") 
would  be  passed  on  to  the  producer  of  cottonseed, 
on  the  one  hand,  and  the  consumer  of  cottonseed 
oil,  on  the  other.  If  shifts  from  one  type  of  mill 
to  a  more  efficient  type  were  limited  to  a  rela- 
tively few  individual  cases,  the  competitive  posi- 
tion of  firms  making  the  shift  would  be  improved. 
Oil  supply  would  be  increased  and  price  lowered 
somewhat.  But  prices  of  cottonseed  would  still 
be  determined  by  the  purchasing  power  of  the 
remaining  marginal  mills.  If,  however,  almost 
all  mills  were  to  shift  to  the  most  efficient  type  of 
processing,  the  remaining  less  efficient  types  of 
mills  would  be  seriously  squeezed  between  falling 
oil  prices  and  rising  seed  costs.  But,  even  under 
such  circumstances,  many  such  mills  Would  be 
able  to  compete  because  they  have  already  written 
off  their  investment  cost  so  that  such  cost  is 
negligible  except  for  replacement  and  repairs. 
This  advantage  will  disappear,  of  course,  as  newer 
mills  succeed  in  amortizing  their  investments. 
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COMPARATIVE  ECONOMIES  OF  DIFFERENT  TYPES  OF  COTTON- 
SEED OIL  MILLS  AND  THEIR  EFFECTS  ON  OIL  SUPPLIES,  PRICES, 
AND  RETURNS  TO  GROWERS 

By  John  M.  Brewster,  agricultural  economist,  Marketing  Research  Division,  Agricultural  Marketing  Service 


I.  OBJECTIVES  AND  APPROACHES , 

In  determining  the  effects  that  possible  changes 
in  types  of  cottonseed  crushing  mills  may  have  on 
market  outlets  for  cottonseed  products  and  returns 
to  growers,  four  types  of  mills  are  considered. 
Tbey  are:  Hydraulic,  screw-press,  direct-solvent, 
and  prepress-solvent. 

These  types  stem  from  different  techniques  used 
in  separating  cottonseed  meats  into  oil  and  meal. 
This  operation  in  hydraulic  plants  is  accomplished 
by  a  discontinuous  application  of  mechanical 
pressure,  and  in  screw-press  mills  by  a  continuous 
application.  In  direct-solvent  mills  the  oil  is 
washed  from  the  meats  with  a  hexane  solvent — a 
petroleum  derivative.  In  prepress-solvent  mills 
the  meats  are  run  through  screw  presses,  called 
prepresses,  and  then  passed  on  to  the  solvent 
extractor  for  complete  separation  into  meal  and 
oil.  As  pointed  out  by  Ilea  and  Wamble  (9),1  the 
chief  effect  of  the  prepress  operation  is  to  increase 
greatly  the  capacity  of  a  given  size  solvent  extrac- 
tor, lower  solvent  requirements,  reduce  the  per- 
centage of  fines,  and  appreciably  increase  oil  re- 
covery per  ton  of  seed. 

The  present  (1951-52)  industry  is  comprised  of 
approximately  323  active  mills,  as  follows:  249 
hydraulics;  62  screw-press;  and  12  direct-  and 
prepress-solvent  mills. 

The  oldest  process,  by  far,  is  the  hydraulic. 
Screw-press  mills  were  first  used  by  the  cottonseed 
industry  immediately  after  World  War  I.  The 
first  direct-solvent  mills  were  installed  at  the  close 
of  World  War  II,  and  the  first  prepress-solvent 
mills  about  1949.  In  1948,  when  this  study  was 
begun,  there  were  only  four  direct-solvent  mills. 
The  solvent  process  had  been  widely  adopted  by 
the  soybean  industry  so  the  question  arose  as  to 
whether  the  cottonseed  industry  should  not  do  the 
same. 

With  the  possibility  in  mind  of  a  widespread 
technological  revolution  in  the  cottonseed  in- 
dustry, the  National  Cottonseed  Advisory  Com- 
mittee of  the  Department  of  Agriculture  said: 

The  mechanical  pressing  of  cottonseed  currently  prac- 
ticed is  not  basically  different  from  that  used  75  years  ago 
although  there  -have  been  improvements  in  mechanical 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited, 
p.  235. 


design  of  the  same  processing  units.  The  relative  efficiency 
of  hydraulic  mills  has  long  been  the  subject  of  attack, 
primarily  because  of  the  excessive  man-hour  labor  require- 
ments and  the  excessive  amount  of  oil  left  in  the  cake  and 
meal.  The  solvent  method  is  currently  receiving  concen- 
trated attention  by  the  cottonseed  milling  industry  because 
it  saves  labor  and  power,  recovers  more  oil  and  lends  itself 
more  readily  to  the  development  of  new  products  and  the 
evolution  of  totally  new  methods  for  the  recovery  of  the 
desired  components  of  cottonseed.  The  solvent-screw 
press  process  recovers  a  still  higher  percentage  of  oil. 
A  shift  from  mechanical  to  solvent  plants  could  mean  that 
practically  all  of  the  approximately  375  mills  would  be- 
come obsolete  within  the  next  few  years,  present  plant 
locations  abandoned,  storage  requirements  increased,  and 
the  transportation  pattern  readjusted  to  meet  the  changed 
conditions.3 

For  these  reasons  this  committee  recommended 
in  1947  that  a  study  be  made  of  the  "Effects  of 
Changes  in  Processing  Methods,  Including  Solvent 
Extraction,  upon  the  Cottonseed  Industry,  Market 
Outlets,  and  Returns  to  Growers."  This  report 
gives  the  findings  to  date. 

This  chapter  (1)  sets  forth  the  central  problem 
and  objectives  of  the  study,  (2)  states  the  guiding 
assumptions  of  the  analysis,  (3)  points  out  the 
necessity  of  comparing  mills  at  each  of  specified 
volumes  of  seed  crushed  annually,  (4)  describes  the 
selection  of  mills  to  be  studied,  (5)  indicates  the 
types  of  data  required  to  carry  out  the  investiga- 
tion, and  (6)  describes  the  selection  of  mill  areas 
considered. 

THE  PROBLEM 

The  recommendation  of  the  Advisory  Com- 
mittee was  interpreted  as  raising  three  funda- 
mental questions.  First,  what  type  and  size  of 
mill  would  be  most  economical  throughout  the 
industry?  Stated  in  this  form,  the  question  was 
found  to  be  unanswerable,  for  the  reasons  stated 
on  pages  3  and  4.  The  question  that  could  be 
answered  was:  Which  type  and  size  of  mill  is  most 
economical  for  certain  specified  volumes  of  seed 
that  may  be  available  in  given  localities.  The 
answer  to  this  question,  therefore,  became  the  first 
major  objective  of  the  study.  The  decision  as  to 
which  volume  is  actually  available  and  hence 
which  size  mill  of  any  type  is  most  economical  in 
particular  localities  is  left  to  local  judgment. 

2  The  number  of  active  mills  at  the  end  of  World  War  II 
was  375. 
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Second,  what  would  be  the  effects  of  industry- 
wide change  in  types  of  mills  on  total  supplies  of 
cottonseed  products  and  then  value  per  ton  of 
seed?  The  answer  to  this  query  evidently  re- 
solves itself  into  a  consideration  of  the  extent  to 
which  such  change  would  affect  the  total  supply  of 
cottonseed  oil,  as  it  would  alter  only  the  supply 
and  price  of  oil.  It  would  not  alter  supplies  of 
linters,  as  aU  types  of  mills  use  the  same  methods 
for  separating  linters  from  cottonseed.  Also, 
supplies  of  meal  would  remain  the  same,  as  the 
weight  of  the  additional  oil  removed  from  cake  or 
meal  by  direct-  or  prepress-solvent  mills  is  re- 
placed by  adding  an  equivalent  weight  of  hulls  to 
the  meal.  This  addition  would  reduce  supplies  of 
hulls  somewhat  (never  more  than  50  pounds  per 
ton  of  seed)  but  not  enough  to  affect  substantially 
the  price  of  hulls. 

The  third  and  final  query  concerns  the  extent  to 
which  industrywide  shifts  in  types  of  mills  would 
affect  the  value  of  cottonseed  sold  by  growers. 

The  main  burden  of  work  in  the  study  arose  in 
connection  with  the  first  objective,  as  an  analysis 
of  mill  economies  involves  a  comparison  of  the  net 
returns  of  different  types  and  sizes  of  mills  under 
the  same  cost-price  relationships.  When  this 
comparison  is  once  made,  the  effects  of  industry- 
wide shifts  in  types  of  mills  on  the  total  supply  of 
cottonseed .  oil  may  be  quickly  calculated.  The 
effects  of  this  change  in  oil  supply  on  the  price  of 
oil  may  then  be  calculated  by  the  use  of  equations, 
developed  by  the  Bureau  of  Agricultural  Eco- 
nomics for  this  purpose.  When  this  is  done,  the 
effect  of  industrywide  changes  in  types  of  mills  on 
the  value  of  cottonseed  sold  by  growers  may  be 
approximated  through  comparison  of  the  cost  and 
revenue  of  the  marginal  mill  of  the  present  indus- 
try with  those  of  alternative  industries  which  may 
arise  under  conditions  of  stable  competition.3 
Although  these  effects  can  be  calculated,  it  should 
be  recognized  that  they  will  occur  gradually  over 
a  period  of  several  years  and,  therefore,  tend  to  be 
concealed  by  changes  in  population,  consumption 
habits,  national  income,  and  the  like. 

Chapters  II  through  V  bring  together  basic 
information  necessary  for  reaching  a  conclusion  on 
any  of  the  objectives  of  the  study.  Chapter  VI 
analyzes  the  relative  economies  of  the  four  types 
of  cottonseed  milling  processes.  Chapter  VII 
analyzes  the  effects  of  possible  industrywide 
changes  in  types  of  mills  (1)  on  total  cottonseed  oil 
supplies,  (2)  on  the  price  of  oil,  and  (3)  on  returns 
to  growers. 

GUIDING  ASSUMPTIONS 

The  following  assumptions  were  accepted  as 
basic  throughout  this  study.     They  are  important 

3  The  marginal  mill  of  an  industry  is  here  recognized  as 
the  smallest  or  least  efficient  mill  whose  services  are 
needed  to  enable  the  industry  to  handle  a  given  crop  of 
seed,  and  hence  whose  costs  must  be  covered  by  the  total 
value  of  products  per  ton  of  seed. 


because  they  clarify,  broadly  speaking,  what  the 
study  does  not  consider  as  well  as  what  it  does. 

First,  it  was  assumed  that  the  mills  were  exclu- 
sively engaged  in  processing  cottonseed  into  its 
first  products.  In  other  words,  the  fact  that  mills 
sometimes  crush  other  oilseeds  and  often  run 
mixed-feed  or  other  side-line  businesses  was  re- 
garded as  having  no  bearing  on  the  comparative 
efficiency  of  different  mills.  If  a  side-line  feed 
business,  for  example,  were  profitable  to  a  hy- 
draulic mill,  it  should  be  equally  so  to  a  solvent 
mill,  but  that  is  irrelevant  to  the  question  of 
which  mill  can  process  cottonseed  most  eco- 
nomically. 

Second,  it  was  assumed  for  the  analysis  of  the 
comparative  economies  of  different  types  of  mills 
that  all  mills  were  new.  In  other  words,  the 
question  was  which  of  the  various  types  of  mills 
that  might  be  built  in  any  locality  would  yield 
the  most  net  revenue  per  ton  of  seed  processed 
under  given  cost-price  relationships,  irrespective 
of  any  investment  which  may  already  be  tied  up 
in  an  old  mill.  To  be  sure,  it  will  not  be  eco- 
nomical for  the  owner  of  an  old  mill  to  shift  to 
a  new  mill  until  the  old  one  is  so  worn  out  or 
inefficient  that  his  expected  return  after  total  cost 
(including  fixed  and  current  costs)  from  a  new  mill 
is  greater  than  his  net  return  after  current  cost 
from  his  old  one.  And  he  cannot  be  forced  out 
of  business  until  his  total  returns  are  less  than 
his  current  costs.  The  study  thus  analyzes  the 
comparative  economies  of  different  milling  proc- 
esses in  terms  of  new  mills,  leaving  to  local 
judgment  the  immediate  question  of  whether  an 
owner  of  an  old  mill  should  now  shift  to  a  new 
mill  or  continue  exploiting  the  useful  life  of  his 
present  plant. 

Third,  it  was  assumed  that  the  various  mills 
studied  were  run  under  the  same  standardized 
rules.  In  this  way,  individual  differences  in 
managerial  ability  or  judgment  have  been  dis- 
regarded. It  is  true  that  the  same  miU  may 
prosper  under  the  rules  of  one  management  and 
fail  under  those  of  another.  But  the  purpose  of 
this  study  is  to  analyze  the  effect  of  differences 
in  mills  and  not  differences  in  management.  In 
line  with  this  purpose,  different  mills  were  sub- 
jected to  the  same  opera  .ting  rules. 

Fourth,  it  was  assumed  that  equivalent  skills, 
needed  for  operating  different  mills,  are  available 
in  any  given  locality  at  uniform  wages.  It  was 
also  assumed  that  equivalent  local  services,  such 
as  supplies  or  repairs,  were  likewise  available. 
Local  judgment  is  best  prepared  to  make  neces-- 
sary  allowances  wherever  these  assumptions  may 
be  out  of  line  with  actual  circumstances. 

Fifth,  it  was  assumed  that  customers  are  willing 
to  pay  the  same  price  for  a  given  form  of  meal 
(slab  cake,  bulk  meal,  sacked  meal,  pellets,  cracked 
or  sized  cake)  irrespective  of  the  type  of  mill  that 
produced  the  meal.  In  making  this  assumption, 
it  was  recognized  that  some  cottonseed  meal  has 


been  sold  at  a  discount.  And  as  Moore  (6)  has 
pointed  out,  in  contemplating  a  shift  from  a 
hydraulic  or  screw-press  to  a  solvent  mill  (prepress 
or  direct),  a  mill  operator  should  assure  himself 
beforehand  of  the  attitude  of  his  customers  toward 
a  change  to  solvent  meal.  However,  as  discounts 
on  solvent  meal  have  tended  to  disappear  over  a 
brief  period  of  time,  the  same  meal  prices  for  all 
types  of  mills  were  used. 

For  some  users,  prepress-solvent  meal  has  the 
disadvantage  of  being  finer  and  drier  than  hy- 
draulic or  screw-press  meal  and,  therefore,  does 
not  mix  as  well  with  other  feeds.  Also,  solvent 
meal  does  not  have  the  toasted  flavor  and  odor 
of  mechanically  produced  meals;  however,  for 
many  users,  these  disadvantages  are  offset  by  its 
higher  protein  content  as  well  as  higher  digesti- 
bility. 

The  analysis  was  carried  out  in  terms  of  1949-50 
cost-price  relationships,  the  most  recent  period  for 
which  requisite  conditions  and  data  were  available. 
The  1949-50  average  price  of  11.67  cents  per 
pound  of  oil  was  especially  low  compared  with  the 
prices  of  oil  in  other  years,  with  the  value  of  other 
cottonseed  products,  and  with  most  costs  for  proc- 
essing cottonseed.  As  a  consequence,  findings  of 
the  study  are  conservative  with  respect  to  the 
effect  of  change  in  types  of  mills  on  their  net  earn- 
ing power  and  on  the  value  of  cottonseed  sold  by 
growers.  Moreover,  the  findings  may  be  im- 
proved and  kept  up  to  date  through  establishment 
of  methods  that  both  describe  changes  in  produc- 
tion techniques  and  measure  changes  in  cottonseed 
processing  cost-price  relationships. 

NECESSITY  FOR  COMPARING  MILLS  AT 
SAME  VOLUMES  OF  SEED  CRUSHED 

Specifying  the  most  economical  size  of  mill 
(whatever  the  type)  requires  a  schedule  of  prices, 
which  any  size  mill  that  may  be  built  in  a  given 
location  must  pay  for  what  it  buys  and  receives 
for  what  it  sells.  But  there  can  be  no  established 
schedule  of  cottonseed  prices  which  shows  how 
seed  costs  will  vary  with  the  quantity  purchased. 
A  cottonseed  oil  mill  operator,  as  a  rule,  cannot 
obtain,  at  the  same  price,  volumes  of  seed  which 
are  substantially  larger  than  those  which  he  cus- 
tomarily purchases.  The  reason  is  that  the  overall 
seed  supply  of  the  cotton  industry  is  fixed,  and  this 
fixed  supply  is  substantially  less  than  the  amount 
needed  to  permit  year-round  operation  for  all  mills. 
This  fixed  nature  of  the  seed  supply  arises  from  the' 
fact  that  cottonseed  is  a  byproduct  of  cotton  and 
does  not  vary  in  quantity  with  seed  price  changes. 
As  a  consequence,  a  given  operator  can  increase  his 
customary  supply  only  by  diverting  seed  from 
competitors — a  practice  which  immediately  in- 
creases his  competitor's  processing  costs.  As  a 
means  of  protecting  his  business,  the  competitor 
is  forced  to  bid  up  the  seed  price  to  whatever  point 


is  necessary  to  retain  his  customary  supply  of 
seed.4 

Therefore,  the  effort  to  substantially  expand  a 
mill  operator's  customary  seed  supply  is  soon 
checked  by  an  indeterminate,  but  prohibitive,  seed 
diversion  cost.  An  operator  is  not  interested  in 
the  size  of  mill  which  would  make  him  the  most 
profit  if  he  could  obtain  any  quantity  of  seed  he 
desired  at  prevailing  prices.  The  practical  ques- 
tion facing  him  is  what  type  and  size  of  mill  would 
be  most  economical  for  the  limited  volume  of 
seed  that  is  actually  available  at  prevailing  prices. 

Since  only  local  persons  know  what  these 
volumes  are  in  individual  cases,  it  follows  that  no 
formal  analysis  can  specify  the  most  economical 
size  mill  for  any  given  locality.  However,  by  the 
use  of  the  prevailing  costs  for  seed  f.  o.  b.  gins,  it 
is  possible  to  determine  which  type  and  size  of 
mill  could  return  the  most  net  revenue  per  ton  of 
seed  for  each  of  specified  volumes  of  seed  which 
may  be  available  in  any  given  mill  area.  Local 
judgment  is  then  best  qualified  to  state  just  what 
these  volumes  actually  are. 

So  far,  the  indeterminancy  of  the  most  eco- 
nomical size  mill  in  any  given  locality  has  been 
discussed  solely  on  the  basis  of  the  impossibility  of 
knowing  how  seed  cost  may  vary  with  the  volume 
purchased.  It  should  be  pointed  out,  however, 
that  for  some  size  mills  the  same  indeterminancy 
may  be  associated  with  meal  and  hull  returns  and 
salary  overhead. 

Generally,  a  mill  sells  part  of  its'  meal  locally 
and  the  rest  wholesale,  at  a  lower  price.  The 
larger  the  mill,  the  greater  the  proportion  of  the 
meal  it  must  sell  wholesale;  and  hence  the  lower 
the  average  value  of  all  meal  it  produces.  The 
same  principle  applies  to  hulls.  In  calculating 
the  effect  of  change  in  size  of  mill  on  average 
meal  (or  hull)  returns,  it  was  assumed  in  this 
study  that  change  in  the  size  of  mill  would  not 
affect  the  wholesale  price  of  meal. 

In  checking  with  mill  operators  on  this  point, 
the  assumption  was  felt  to  be  true  within  wide 
limits,  but  it  might  require  some  qualification  for 
the  larger  crushes  used  in  this  study.  Just  how 
much  was  not  known.  For  example,  an  operator 
might  expand  his  wholesale  meal  market  from 
10  to  40  tons  per  day  without  taking  a  discount, 
but,  if  he  increased  it  up  to  75  or  100  tons,  he 
might  have  to  move  into  a  buyers'  market  instead 
of  a  sellers'  market.  That  is,  he  might  have  to 
sell  to  users  of  very  large  volumes  of  meal  who 
are  able  to  buy  at  a  lower  price  than  purchasers 
of  small  quantities.  For  this  reason,  the  assump- 
tion just  stated  may  be  quite  reliable  when  used 
in   determining   the   effect   of   different   types   of 

4  There  are  ways  of  forcing  up  the  cost  of  seed  other  than 
mere  price  "bidding."  Such  ways  include  purchasing  gins 
that  provide  seed,  giving  meal  discounts  to  gins,  and  per- 
forming various  "good  will"  services.  For  this  reason,  the 
term  "cost"  instead  of  "price"  of  seed  at  gins  is  used  in 
this  report. 


mills- on  net  revenue,  and  yet  be  subject  to  quali- 
fication when  used  for  calculating  the  effect  of 
increasing  the  size  of  a  mill  upon  net  returns. 

Salary  overhead  was  calculated  on  the  basis  of 
data  made  available  by  the  National  Cottonseed 
Products  Association,  on  the  relationship  between 
the  overhead  charges  per  ton  and  size  of 
crush.  It  is  possible,  however,  that  not  enough 
"large"  mills  were  included  in  this  calculation  to 
give  a  fully  accurate  picture  of  the  variation  of 
overhead  with  size  of  mill  beyond  a  certain  point, 
for  example,  50,000-ton  crushes  and  over. 

Although  these  possible  indeterminancies  should 
be  kept  in  mind,  they  do  not  preclude  specification 
of  which  size  and  type  of  mill  is  most  economical 
for  each  volume  of  seed  which  may  be  available. 

SELECTION  OF  MILLS 

The  question  now  arises  as  to  what  volumes 
of  seed  should  be  selected  as  a  means  of  making 
the  most  useful  mill  comparisons.5 

For  any  specified  operating  rate  (amount  of 
seed  processed  per  24  hours),  full  12-month  opera- 
tion was  the  most  profitable  length  of  season  for 
any  given  mill.     Net  revenue  varies  substantially 

6  Requiring  mills  of  each  type  to  handle  the  same  volume 
of  seed  would  not  be  necessary  in  measuring  the  compara- 
tive economies  of  different  types  of  milling  processes  if  there 
were  any  way  of  knowing  the  prices  that  a  given  operator 
would  have  to  pay  for  different  volumes  of  seed.  (The 
ways  in  which  cost  of  all  inputs  and  outputs  except  seed 
varied,  as  a  given  operator  changed  the  size  of  his  crush, 
were  either  known  or  could  be  calculated  with  reasonable 
accuracy,  as  previously  indicated.)  For,  if  such  knowledge 
were  possible,  finding  the  most  economical  type  and  size  of 
mill  throughout  the  industry  could  be  accomplished 
through  the  following  steps:  (1)  In  a  given  mill  area 
(locality)  and  starting  with  the  smallest  mill  of  a  given 
type,  say  hydraulic,  (a)  find  its  optimum  crush  through 
varying  its  daily  crushing  rate  and  length  of  season  until 
that  volume  of  seed  is  found  which  will  yield  the  most 
total  net  revenue  for  that  mill;  (b)  repeat  this  procedure 
for  each  next  larger  mill  until  the  volume  of  crush  and 
corresponding  mill  are  found  which  will  yield  more  total 
net  revenue  than  any  other  size  of  mill  of  the  given  type; 
(c)  repeat  steps  (a)  and  (b)  for  each  of  the  other  types  of 
processes.  These  steps  would  then  show  the  volume  of 
crush  and  optimum  mill  foi  each  type  of  process  that 
would  give  the  most  total  net  revenue,  although  volumes  of 
seed  handled  by  the  optimum  mills  might  be  quite  dif- 
ferent, and  most  probably  would  be.  (2)  Repeating  steps 
(a),  (b),  and  (c)  for  representative  mill  locations  would 
show  which  type  and  size  of  mills  would  be  most  economi- 
cal throughout  the  industry. 

With  no  precedent  to  go  by,  this  study  was  initially 
planned  along  these  lines.  When  sufficient  data  became 
available  in  the  course  of  the  study  for  testing  this  ap- 
proach, the  test  showed  that  the  approach  led  to  an  absurd 
result — that  the  most  economical  mill  in  the  poorest  mill 
locality  in  the  industry  was  the  biggest  possible  mill 
running  for  the  longest  possible  season,  and  at  the  fastest 
possible  rate.  This  result  clearly  pointed  to  the  indeter- 
minancy  of  the  volume  of  available  seed  at  quoted  prices, 
for  the  reasons  stated  above.  Under  this  circumstance, 
the  relative  efficiencies  of  different  types  of  mills  could  be 
approximated  by  assuming  that  they  handled  the  same 
specified  volumes  of  seed,  leaving  to  local  judgment  the 
question  of  which  volumes  of  seed  could  be  obtained  at 
uniform  f.  o.  b.  gin  costs,  and  hence  the  question  of  which 
size  of  mill  of  any  type  is  most  economical  in  any  given 
area. 


with  different  operating  rates.  But  available  seed 
varies  from  year  to  year  in  line  with  cotton 
acreage  and  yield  per  acre.  Therefore,  it  appeared 
most  desirable  to  compare  all  four  types  of  proc- 
esses when  operating  for  a  full  season  at  their 
normal  rates,  realizing  that  either  this  rate  or 
season  might  need  to  be  altered  from  year  to 
year  in  line  with  variations  in  the  seed  supply. 

Data  were  available  for  only  5  direct-solvent  and 
5  prepress-solvent  mills,  all  of  which  had  to  be 
utilized  in  the  study  in  order  to  have  a  minimum 
number  of  observations  for  these  2  processes. 
This  gave  nine  different  volumes  or  annual  crushes 
of  cottonseed  because,  as  shown  in  table  1,  the 
normal  daily  crushing  capacity  is  the  same  only 
for  the  largest  mills  (400  tons  per  day) . 

Table  1.- — Direct-  and  prepress-solvent  cottonseed 
crushing  plants:  Minimum,  normal,  and  maxi- 
mum daily  operating  rates  and  annual  crushing 
capacities  at  normal  rate  l 


Volume  of  seed  processed 
per  24  hours 

Annual 
capacity 

Plant 

Mini- 
mum 
rate 

Normal 
rate 

Maxi- 
mum 

rate 

Prepress  solvent : 
Plant  1_. 

Plant  2 

Plant  3 

Plant  4 

Plant  5 

Direct  solvent: 

Plant  1 

Plant  2 

Plant  3 

Plant  4 

Plant  5 

Tons 

30 

60 

120 

180 

270 

40 

75 

150 

225 

300 

Tons 

40 

80 

160 

240 

400 

50 
100 
200 
300 
400 

Tons 
50 
100 
200 
300 
450 

65 
125 
250 
375 
500 

Tons 
10,  560 
21,  120 
42,  240 
63,  360 
105,  600 

13,  200 
26,  400 
52,  800 
79,  200 
105,  600 

1  12-month  operations,  averaging  22  working  days  of 
24  hours  each  per  month. 

Fortunately,  these' 9  crushes  also  represented  5 
different  size  screw-press  mills  and  8  hydraulic 
mills  operating  a  full  12-month  season  at  their 
normal  rates.  Table  2  arrays  these  crushes  in 
order  of  size  and  shows  the  series  of  mills  requiring 
a  full  season  to  process  each  crush.  It  will  be 
noted  that  the  first,  second,  third,  and  fourth 
prepress-solvent  mills  can  be  compared  with  only 
hydraulic  mills  having  4,  8,  16,  and  24  presses, 
respectively,  running  a  full  season,  as  there  are  no 
other  nulls  of  any  type  that  will  crush  the  same 
amount  of  seed  in  the  same  period  of  time.  For 
the  same  reason,  the  first  direct-solvent  mill  can 
be  compared  only  with  a  2  press  screw-press  mill; 
but  the  second,  third,  and  fourth  direct-solvent 
mills  can  be  compared  with  4-,  8-,  and  12-press 
screw-press  mills,  respectively,  and  also  with  10-, 
20-,  and  30-press  hydraulic  mills,  all  operating  a 
full  season.  Four  types  of  mills,  operating  a  full 
season  and  having  the  same  annual    crush,  are 


possible  only  in  respect  to  the  fifth  prepress- 
solvent,  the  fifth  direct-solvent,  the  16-press 
screw-press,  and  the  40-press  hydraulic  mills. 

Table  2. — Daily  capacities  of  different  types  of 
cottonseed  crushing  plants,  operating  12  months, 
for  each  of  specified  volumes  of  seed  crushed 
annually 

ANNUAL  CRUSH:  10,600  TONS 


Type  of  plant 


Prepress  solvent:  Plant  1. 
Hydraulic:  4  press 


Crushing 

capacity 

per  24 

hours  ' 


Tons 


40 
40 


ANNUAL  CRUSH:  13,200  TONS 


Direct  solvent:  Plant  1. 
Screw  press:  2  press 


50 
50 


ANNUAL  CRUSH:  21,100  TONS 


Prepress  solvent:  Plant  2. 
Hydraulic:  8  press 


80 
80 


ANNUAL  CRUSH:  26,400  TONS 


Direct  solvent:  Plant  2 

Screw  press:  4  press 

Hydraulic:  10  press 


100 
100 
100 


ANNUAL  CRUSH:  42,200  TONS 


Prepress  solvent:  Plant  3. 
Hydraulic:   16  press 


160 
160 


ANNUAL  CRUSH:  52,800  TONS 


Direct  solvent:  Plant  3. 

Screw  press:  8  press 

Hydraulic:  20  press 


200 
200 
200 


ANNUAL  CRUSH:  63,400  TONS 


Prepress  solvent:  Plant  4. 
Hydraulic:  24  press _. 


240 
240 


ANNUAL  CRUSH:  79,200  TONS 

Direct  solvent:  Plant  4__                       

Screw  press:  12  press  _                           _   _   _   . 

300 

300 

Hydraulic:  30  press..   _   .   __ 

300 

ANNUAL  CRUSH:  105,600  TONS 


Prepress  solvent:  Plant  5. 
Direct  solvent:  Plant  5... 

Screw  press:  16  press 

Hydraulic:  40  press 


400 
400 
400 
400 


However,  for  none  of  these  9  crushes,  except 
the  largest,  were  comparisons  restricted  to  mills 
operating  a  full  12-month  season.  Although  12 
months  is  the  most  profitable  season  for  a  given 
mill,  the  larger  of  2  mills,  by  working  a  shorter 
season,  may  be  able  to  crush  the  same  volume 
of  seed  at  less  cost.  As  a  consequence,  the 
total  of  23  mills,  operating  a  fuU  season,  was 
expanded,  by  varying  the  length  of  season, 
to  include  enough  mills  (67)  to  show  which 
mill  of  each  type  could  process  each  of  the  selected 
volumes  of  seed  at  the  greatest  net  revenue  per 
ton,  whatever  the  differences  in  their  daily 
crushing  capacity  or  length  of  season.  This  final 
selection  of  mills  is  shown  in  table  3.  In  the  stub 
and  first  two  columns,  the  sequence  of  mills  for 
each  annual  crush  follows  the  order  in  which  they 
were  added  in  each  series,  and  the  order  in  which 
data  were  tabulated  later  in  this  report.  The 
purpose  was  to  discover  the  optimum  mill  of  each 
type  for  each  of  the  specified  volumes  of  seed. 


Table  3. — Daily  crushing  capacities  and  lengths 
oj  operating  seasons  for  different  cottonseed  plants 
crushing  specified  volumes  of  seed  annually 

ANNUAL  CRUSH:  10,600  TONS 


Type  of  plant 


Prepress  solvent: 

Plant  1 

Plant  2 

Direct  solvent: 

Plant  1 

Plant  2 

Screw  press: 

2  press 

3  press 

Hydraulic: 

4  press 

6  press 

8  press 


Crushing 

capacity 

per  24 

hours  1 


Tons 
40 
80 

50 
100 

50 

75 

40 
60 
80 


Length  of 
operating  season 


Months 


Number 

12.0 

6.0 

9.  6 

4.  8 

9.  6 
6.  4 

12.  0 
8.0 
6.0 


24-hour 

working 

days 


Number 
264 
132 

211 
106 

211 
141 

264 
176 
132 


ANNUAL  CRUSH:  13,200  TONS 


Direct  solvent: 

Plant  1 

Plant  2 

Prepress  solvent:     Plant  2 

Screw  press: 

2  press 

3  press 

4  press 

Hydraulic: 

6  press 

8  press 


50 

12.0 

100 

6.0 

80 

7.  5 

50 

12.  0 

75 

8.0 

100 

6.0 

60 

10.  0 

80 

7.  5 

264 
132 
165 

264 
176 
132 

220 
165 


1  Operating  at  normal  rates. 


See  footnote  at  end  of  table. 


Table  3. — Daily  crushing  capacities  and  lengths  of 
operating  seasons  for  different  cottonseed  plants 
crushing  specified  volumes  of  seed  annually — Con. 

ANNUAL  CRUSH:  21,100  TONS 


Table  3. — Daily  crushing  capacities  and  lengths  of 
operating  seasons  for  different  cottonseed  plants 
crushing  specified  volumes  of  seed  annually — Con. 

ANNUAL  CRUSH:  63,400  TONS 


Type  of  plant 


Prepress  solvent: 

•    Plant  2 

Plant  3 

Direct  solvent:     Plant  2. 
Screw  press: 

4  press , 

5  press 

Hydraulic: 

8  press 

10  press 

12  press 


Crushing 

capacity 

per  24 

hours  ' 


Tons 
80 
160 
100 

100 
125 

80 
100 
120 


Length  of 
operating  season 


-Months 


Number 

12.  0 

6.0 

9.  6 


12.  0 
9.  6 
8.0 


24-hour- 

working 

davs 


Nurnbei 
264 
132 
211 

211 
169 

264 
211 

176 


ANNUAL  CRUSH:  26,400  TONS 


Direct  solvent: 

Plant  2 

Plant  3 

Prepress  solvent:     Plant  3_ 

Screw  press: 

4  press 

5  press 

Hydraulic: 

10  press 

12  press 


100 

12.  0 

200 

6.  0 

160 

7.  5 

100 

12.  0 

125 

9.  6 

100 

12.  0 

120 

10.  0 

ANNUAL  CRUSH:  42,200  TONS 


Prepress  solvent:  Plant  3 
Direct  solvent:  Plant  3-_ 
Screw  press: 

7  press 

8  press 

Hydraulic: 

16  press 

22  press 

24  press 


160 
200 

12.  0 
9.  6 

175 
200 

11.  0 
9.  6 

160 

220 
240 

12.  0 

8.  7 
8.0 

ANNUAL  CRUSH:  52,800  TONS 


Direct  solvent:  Plant  3_- 

Pre press  solvent:  Plant  4 

Screw  press: 

8  press 

10  press 

Hydraulic : 

20  press 

22  press 

24  press 


200 
240 

12.  0 

10.  0 

200 
250. 

12.  0 
9.  6 

200 
220 
240 

12.  0 
10.  9 
10.  0 

264 
132 
165 

264 
211 

264 
220 


264 
211 

241 
211 

264 
192 
176 


264 
220 

264 
211 

264 
240 
220 


Type  of  plant 


Prepress  solvent:  Plant  4 

Direct  solvent: 

Plant  4 

Plant  5 

Screw  press: 

10  press 

12  press 

Hydraulic:  24  press 


Crushing 

capacity 

per  24 

hours  ' 


Tons 
240 

300 
400 

250 
300 
240 


Length  of 
operating  season 


Months 


24-hour 

working 

days 


Number 
12.  0 

9.  6 

7.  2 

11.  5 
9.  6 

12.  0 


Number 
264 

211 
158 

253 
211 

264 


ANNUAL  CRUSH:  79,200  TONS 


Direct  solvent: 

Plant  4 

Plant  5 

Prepress  solvent:  Plant  5 

Screw  press: 

12  press 

14  press 

Hydraulic : 

30  press 

36  press 

40  press 


300 

12.0 

Kin 

9.0 

400 

9.0 

300 

12.  0 

350 

10.  3 

300 

12.  0 

360 

10.  0 

400 

9.  0 

264 
198 
198 

264 
226 

264 
220 
198 


ANNUAL  CRUSH:  105,600  TONS 


Prepress  solvent:  Plant  5 
Direct  solvent:  Plant  5__ 

Screw  press:  16  press 

Hydraulic:  40  press 


400 

12.  0 

400 

12.  0 

400 

12.  0 

400 

12.  0 

264 
264 
264 
264 


See  footnote  at  end  of  table. 


1  Operating  at  normal  rates. 

The  concept  of  season  and  rate,  used  in  this 
selection  of  mills,  needs  further  explanation. 

An  operating  month,  as  used  here,  included  an 
average  of  22  working  days  of  24  hours  each, 
allowing  an  average  of  8  days  for  cleanups  and 
other  purposes.6     This  concept  of  an  operating 

6  As  used  in  this  report,  the  number  of  operating  months 
per  season  does  not  always  coincide  with  an  equal  number 
of  calendar  months.  A  3-month  operating  season  (66 
operating  days)  will  not  fall  within  the  3  calendar  months 
of  September,  October,  and  November,  the  reason  being 
that,  in  the  earlier  phases  of  the  cotton-harvesting  season, 
the  flow  of  seed  from  gins  to  mills  is  usually  not  sufficient 
to  make  continuous  operations  possible.  Sometimes  a 
mill  will  have  to  shut  down  and  wait  for  s<;ed.  As  a 
consequence,  a  3-month  operating  season,  which  includes 
a  total  of  66  operating  days,  was  considered  as  extending 
over  more  than  3  calendar  months.  The  same  principle 
applied  to  4-  and  5-month  operating  seasons,  but  not  to 
longer  seasons. 


month  checks  reasonably  well  with  the  general 
practice  of  the  industry.  For  example,  assuming 
mills  operated  for  the  whole  year  at  the  rate  of 
operations  in  their  "big  month,"  their  maximum 
annual  crush  would  be  12  times  that  of  the  "big 
month."  After  measuring  the  average  relation- 
ship in  1947  between  this  annual  maximum  crush 
and  the  number  of  months  in  which  mills  carried 
on  operations,  Kromer  and  Smith  (5)  found  that, 
in  general,  mills  utilized  about  60  percent  of  their 
monthly  capacity. 

The  operating  rate  of  airy  mill  is  subject  to  wide 
variation,  and  each  rate  denotes  a  different  daily 
crushing  capacity.  Three  rates  were  used  in  case 
of  direct-  and  prepress-solvent  plants,  as  shown 
in  table  1.  The  second  was  called  the  normal 
rate.  It  is  the  rate  ordinarily  used  by  engineers 
in  designing  a  mill,  also  the  rate  at  which  operators 
usually  run  mills  when  "conditions  are  right." 
The  other  two  rates  were  called  the  minimum  and 
maximum  rates,  respectively.  In  general,  the 
minimum  rate  for  direct-  and  prepress-solvent 
mills  was  considered  as  being  75  percent  of  the 
normal  rate  which,  in  turn,  was  considered  as  being 
80  percent  of  the  maximum  rate. 

In  the  case  of  hydraulic  and  screw-press  mills, 
the  daily  rate  or  capacity  of  any  mill  is  actually  its 
number  of  presses  times  a  given  press  rate.  Four 
press  rates  were  taken  into  account  in  connection 
with  Irydraulic  mills:  8,  10,  12,  and  14  tons  of 
seed  per  press  per  24  hours.  The  first  was  called 
"minimum,"  the  fourth  "maximum,"  the  second 
"normal"  and  the  third  "other."  These  rates 
appear  to  be  fairly  typical  of  the  industry.  For 
example,  during  1947  operators  of  72  hydraulic 
mills  in  the  Mississippi  Valley  region  reported  the 
number  of  presses  per  mill  and  also  estimated  the 
overall  daily  crushing  capacity  per  mill  under 
"normal  conditions."  In  terms  of  these  data, 
extraction  rates  ranged  from  6  to  17  tons  per  press 
per  24  hours.  Altogether,  there  were  12  different 
rates;  but  in  only  2  cases  was  the  rate  more  than 
14  tons  per  press  per  24  hours,  and  in  only  1  case 
was  it  less  than  7  tons.  In  62  cases  (86  percent 
of  the  total)  the  rate  ranged  from  8  to  14  tons.   . 

Table  4. — Mississippi  Valley  region:  Number    of 
hydraulic  mills,  by  press  rates,  1947 


Press  rate  (tons  per  press 
per  24  hours) 

Hydraulic 
mills 

Percentage 
of  total 

9  (average) 

Number 
72 
7 

.      19 
11 
16 
9 
4 
3 
3 

Pei  cent 
100  0 

7 

9.  7 

8 

26.  4 

9 

15.  3 

10 

11 

22.  2 
12.  5 

12 

14  and  over 

Other1 

5.  5 
4.  2 

4.  2 

'  Not  identified  in  order  to  avoid  disclosure  of  individual 
mills. 


For  similar  reasons,  4  rates  were  used  for  all 
screw-press  mills:  20,  25,  30,  and  35  tons  per  press 
per  24  hours,  and  again  the  first  was  called 
"minimum,"  the  fourth  "maximum,"  the  second 
"normal,"  and  the  third  "other." 

TYPES  OF  DATA  REQUIRED 

Broadly  speaking,  five  types  of  data  were  re- 
quired for  the  purposes  of  the  study  as  follows: 
(1)  Seed  qualities,  (2)  seed  product  yields,  (3) 
initial  investments  and  operating  requirements  of 
each  type  and  size  of  mill,  (4)  cost  rates  of  plant 
and  operating  requirements,  and  (5)  product 
selling  prices. 

These  subjects  are  dealt  with  at  length  in  the 
next  four  chapters.  Items  2  and  3  were  developed 
through  engineering  techniques.  Items  1,  4,  and 
5  were  developed  from  published  sources  and 
surveys. 

SELECTION  OF  MILL  AREAS 

Boundaries  of  mill  areas  are  always  vague  and 
shifting  as  well  as  overlapping,  so  that  they  are 
usually  identified  only  by  the  addresses  of  indi- 
vidual mill  sites.  The  economic  characteristics 
of  such  areas  are  essential  in  analyzing  compara- 
tive mill  efficiencies.  From  the  cost  side  of  mill 
operations,  the  more  important  of  these  char- 
acteristics are  seed  costs  at  gins,  seed  availability, 
wage  rates,  electric  power  rates,  and  property 
tax  rates.  From  the  revenue  side  of  operations, 
the  most  important  characteristics  of  mill  areas 
are  their  meal  and  hull  market  patterns  and  seed 
qualities.  The  essential  elements  of  meal  market 
patterns  are  the  forms  of  meal  produced,  the 
maximum  size  of  the  local  market  for  each  form 
of  meal,  the  price  differentials  between  different 
forms  of  meal,  and  the  differential  between  local 
and  wholesale  prices  for  each  particular  form  of 
meal.  The  main  features  of  mill-area  hull  market 
patterns  are  the  maximum  size  of  the  local  hull 
market  and  the  differential  between  the  local  and 
wholesale  prices  for  hulls. 

Each  area  is  essentially  unique  because  of  the 
wide  variability  of  each  of  these  characteristics 
among  mill  areas,  and  the  very  limited  total 
number  of  mill  areas.  As  a  consequence,  the 
industry  as  a  whole  cannot  be  analyzed  through 
the  random  sampling  technique.  Nor  is  use  of 
this  technique  necessary  to  the  objectives  of  this 
study,  because  a  few  mill  areas  can  be  selected 
that  represent  the  industry  with  respect  to  the 
range  of  all  important  cost  items  (labor,  power, 
etc.),  seed  qualities,  availability  of  seed,  and 
market  patterns.  As  a  consequence,  analysis  of 
the  relationship  between  costs  and  returns  for 
the  different  mills  at  specified  crushes  in  such 
areas  will  show  the  range  of  relative  profitabilities 
within  which  the  same  miUs  would  usually  fall  in 
any  locality.  Also,  the  analysis  will  show  which 
type  of  milling  process  will  usually  be  most 
economical   in   any   locality.     This   showing   can 
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then  be  tested  through  setting  up  an  extreme 
case  which  compares  the  relative  profitabilities 
of  the  different  mills  by  combining  the  extreme 
cost  and  revenue  characteristics  of  the  few  selected 
areas  in  such  a  way  as  to  show  the  minimum 
differences  in  profit  arising  from  a  change  in  type 
of  mill  at  specified  crushes  in  any  mill  area.  In 
this  way,  the  most  economical  process  which  could 
be  expected  in  any  locality  can  be  determined. 
This  phase  of  the  analysis  is  accomplished  in 
chapter  VI. 

In  line  with  the  facts  just  stated,  six  widely 
separated  mill  .areas  were  finally  selected.  They 
are  as  follows: 

Mill  area  I Southeastern  North  Carolina 

Mill  area  II North  Delta,  Ark. 

Mill  area  III South  Delta,  La. 

Mill  area  IV Eastern  Oklahoma 

Mill  area  V North  Blacklands,  Tex. 

Mill  area  VI Central  California 

The  following  list  shows  the  way  in  which  these 
areas  embodied  the  extremes  of  the  industry  in 
respect  to  the  important  economic  variables  of 
cottonseed  mill  areas: 

Mill  area  I: 

1.  Low  wage  rates  (76  cents  per  hour) 

2.  Low  workman's  compensation  rates 

3.  Simplest   meal   market  in  the  industry,    producing 

only    sacked     meal     and    having     a    small    local 
market  of  3,100  tons 

4.  Highest  differential   in  the  industry  between  local 

and  wholesale  prices  of  sacked  meal 
,    5.  Low  seed  grade   (91.8)    and  high   cost   of  Standard 
grade  seed  f.  o.  b.  gins 

6.  High  free  fatty  acid  content  of  seed  (2.9  percent) 

7.  Low  ammonia  content  of  seed  (3.53  percent) 
Mill  area  II: 

1.  Very  high  seed  density 

2.  Negligible  local  market  (100  tons)  for  meal 

3.  Negligible  local  market  (800  tons)  for  hulls 
Mill  area  III: 

1.  Highest  electric  power  rates 

2.  Large  wholesale  market  (16,000  tons)  for  slab  meal 

and  small  local  market  (3,100  tons)  for  sacked  meal 

3.  Low  cost  of  Standard  grade  seed  f.  o.  b.  gins 

4.  Low  property  tax  rates 
Mill  area  IV: 

1.  Lowest  seed  density 

2.  Medium  size  (5,800  tons)  local  market  for  sacked  meal 

3.  Low  oil  content  of  seed  (17.7  percent) 
Mill  area  V: 

1.  Large  local  market  (12,900  tons)  for  pellet  meal 

2.  Large  local  market  (13,300  tons)  for  sacked  meal 

3.  Medium  wage  rates  ($1  per  hour) 

4.  High  ammonia  content  of  seed  (4.03  percent) 

5.  High  property  taxes 
Mill  area  VI: 

1.  Highest  wage  rates  ($1.50  per  hour) 

2.  Low  power  rates 

3.  Lowest  free  fatty  acid  content  cf  seed  (0.4  percent) 

4.  High  grade  of  seed  (103.5) 

5.  High  oil  content  of  seed  (18.8  percent) 

6.  Largest  local  market  (23,500  tons)  for  sacked  meal 

7.  Small  local  market  (2,600  tons)  for  bulk  meal 

8.  Small  local  market  (3,600  tons)  for  pellets 

9.  Largest  local  market  (33,000  tons)  for  hulls 

Important  economic  characteristics  are  shown 
in  table  5  for  50  widely  scattered*  localities.  This 
number  included  all  extreme  cases  and  was  selected 
from  a  more  extensive  list  which  is  not  shown. 


Seed  densities  were  found  through  measuring 
the  1943-47  average  amount  of  cottonseed  pro- 
duced within  a  75-mile  radius  of  given  mill 
locations. 

It  is  commonly  recognized  that  wage  rates  for 
mill  labor  are  highest  in  the  Far  "West,  next  high- 
est in  the  central  arid  and  central  humid  regions, 
and  approximately  equivalent  to  the  minimum 
wage  in  other  regions  except  for  a  few  "big  city 
mills."  This  common  knowledge  was  checked 
through  formal  inquiries  in  the  localities  for  which 
rates  are  shown  in  table  5. 

Property  and  assessment  tax  rates  were  ob- 
tained from  local  tax  authorities.  These  rates,  as 
shown  in  table  5,  were  the  basis  of  the  tax  system 
in  given  cases,  but  it  is  recognized  that  their  appli- 
cation varies  among  individual  properties.  Al- 
though too  cumbersome  to  show  in  table  5,  electric 
power  rates  were  determined  from  an  examination 
of  power  rate  schedules  of  power  companies  servic- 
ing mill  localities. 

The  meal  and  hull  market  patterns  were  de- 
veloped from  reports  from  172  mills,  widely  scat- 
tered throughout  the  Cotton  Belt,  on  their  1949-50 
marketings  of  meal  and  hulls  and  the  usual  pro- 
portions in  which  each  type  of  meal  produced  was 
distributed  between  the  local  and  wholesale  mar- 
kets. The  way  in  which  meal  and  hull  price  in- 
formation, as  shown  in  table  5,  was  developed 
from  these  reports  is  described  in  detail  in  chap- 
ter V. 

II.  COTTONSEED  PRODUCT  YIELDS 

This  chapter  describes  the  way  in  which  cotton- 
seed product  yields  were  calculated  in  this  report. 
This  information  was  necessary  for  the  designing 
of  mills  as  well  as  for  computing  mill  revenues. 

Four  products  are  involved:  Oil,  meal  or  cake, 
linters,  and  hulls. 

COTTONSEED  OIL  YIELDS 

Calculation  of  oil  yields  for  any  mill  required  three 
types  of  data:  (1)  Percentage  of  oil  in  seed,  (2) 
percentage  of  ammonia  in  seed,  and  (3)  pounds  of 
oil  left  in  8-percent  ammonia  cake  and  in  the  hulls 
from  1  ton  of  seed. 

It  was  assumed  that  the  pounds  of  oil  left  in  8 
percent  ammonia  cake  and  hulls  from  processing 
1  ton  of  seed,  by  a  hydraulic  press  operated  at  a 
rate  of  16  tons  of  seed  per  24  hours,  are  as  shown 
in  table  6  for  seed  containing  varying  amounts  of 
ammonia. 

The  total  yield  of  oil  per  ton  of  seed  crushed  at 
this  rate  was  used  as  a  base  from  which  gains  of  oil 
yields  were  measured. 

The  oil  yields  per  ton  of  seed  crushed  from  any 
seed  by  any  extraction  rate  of  each  type  of  mill 
may  be  determined  by  adding  the  appropriate  oil 
gains,  as  shown  in  table  7,  to  the  total  oil  yield  by 
the  hydraulic  press  operated  at  a  rate  of  16  tons  of 
seed  per  24  hours. 
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Table  6. — Amounts  of  oil  left  in  8-percent  ammonia 
cake  for  each  ton  of  cottonseed  processed  by  hydraulic 
press,  operating  at  the  rate  of  16  tons  of  seed  per 
24  hours,  by  ammonia  content  of  seed 


Ammonia  in 
seed  (percent) 

Amount  of 
oil  left » 

Ammonia  in 
seed  (percent) 

Amount  of 
oil  left  > 

2.80 

Pounds 
50 
50 
51 
51 
52 
53 
53 
54 
54 
55 
55 
56 
56 
56 
57 
57 
57 
58 
58 
59 

3.80 

Pounds 

59 

2.85 

3.85 

60 

2.90 

3.90.  . 

60 

2.95 

3.95 

60 

3.00 

4.00 

60 

3.05 

4.05. -    _-- 

61 

3.10 

4.10 .-- 

61 

3.15   - 

4.15--    -    

62 

3.20.  . 

4.20 

62 

3.25-- 

4.25 

62 

3.30 

4.30 

62 

3.35 

4.35-_ 

63 

3.40 

4.40.    _ 

63 

3.45 

4.45     

63 

3.50  - 

4.50- - 

63 

3.55 

4.55 

64 

3.60  - 

4.60-t    - 

64 

3.65 

4.65   - 

64 

3.70 

4.70 

64 

3.75 

4.75-. 

65 

4.80- . 

65 

1  Approximately  4  pounds  of  this  amount  remained  in 
hulls. 

Source:  Rules  Governing  Transactions  Between  Mem- 
bers of  the  National  Cottonseed  Products  Association, 
1950-51.     Pp.  121-122. 
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Figure    1. — Oil   gain  per  ton  of   coitonseed   related   to 

hydraulic  press  capacity. 
Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 


Table  7. — Gains  in  cottonseed-oil  yields  per  ton  of 
seed  processed,  by  types  of  mills  and  extraction 
rates 

[Hydraulic  rate  of  16  tons  per  press  per  24  hours  =  base  (zero)] 
HYDRAULIC  MILL' 


Extraction  rate 

Charges 
per  24 
hours 

Pressing 
time 

Oil  gain 
per  ton 
of  seed 

Press  rate  (tons  per  press  per 
24  hours) : 

6 

Number 
20.0 
26.  7 
33.  3 
40.  0 
46.  7 
53.3 

Minutes 
67.  0 
49.  0 
38.  2 
31.  0 
25.  1 
22.  0 

Pounds 
10.  2 

8 

7.9 

10 

12 

14 

16 

5.8 
4.0 
1.  8 
0 

SCREW-PRESS  MILL 

Press  rate  (tons  per  press  per 
24  hours) : 

20 

18.  0 

25 

14.  0 

30 

10.0 

35 . 

6.0 

DIRECT-SOLVENT  MILL  2 


Plant  rate: 

Minimum. 

43.0 

Normal-   . 

41.  0 

Maximum 

39.0 

PREPRESS-SOLVENT  MILL  * 


Plant  rate: 

Minimum.  _ 

49.0 

Normal  _                ... 

48.  0 

Maximum 

47.0 

1  Standard  15  box  press,  600  lb.  of  seed  per  press  per 
charge  and  5  minutes  press  loading  and  unloading  time. 

2  These  oil  gains  should  be  used  only  on  seed  between 
about  3.5  and  4  percent  ammonia.  For  ammonia  per- 
centages higher  and  lower  than  this  range  the  oil  gains 
given  will  be  incorrect. 

Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 

Data  for  hydraulic  mills  based  on  Bulletin  No.  13, 
Engineering  Experiment  Station,  Univ.  of  Tenn.  Data 
for  screw-press  mills  based  on  "High  Capacity  Expeller 
Operations."  By  John  W.  Dunning  and  H.  P.  Keahey. 
Jour,  of  Amer.  Oil  Chem.  Soc.  Vol.  XXIX,  No.  12. 
Pp.  627-628 


For  example,  if  cottonseed  contains  3.5  percent 
ammonia  and  20  percent  oil,  the  oil  yield  per  ton 
of  seed  crushed  by  a  hydraulic  press,  operating 
at  a  rate  of  16  tons  per  24  hours,  would  be  343 
pounds.  The  total  oil  in  1  ton  of  seed  is  400 
pounds  (20  percent  X  2,000)  and  57  pounds  of 
this  total  is  left  in  the  meal  and  hulls  (table  6) 
For  a  hydraulic  press  crushing  10  tons  per  24  hours, 
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Table  8. — Calculated  cottonseed  product  yields  per  ton  oj  seed  processed  by  different  types  of  cottonseed 
oil  mills  operating  at  normal  rates,  in  mill  areas  I  through  VI,  1949-50 


MILL  AREA  I 


Type  of  mill 


Yield  per  ton  in- 


Oil 


Meal 


Hulls 


Linters 


Total  i 


Hydraulic 

Screw  press 

Direct  solvent  _  _ 
Prepress  solvent 


Pounds 
316.  80 
325.  00 
352.  00 
359.  00 


Pounds 
829.  55 
'829.  55 
829.  55 
829.  55 


Pounds 
569.  65 
561.  45 
534.  45 
527.  45 


Pounds 
178 
178 
178 
178 


Pounds 

1,894 
1,894 
1,894 
1,  894 


MILL  AREA  II 


Hydraulic 

Screw  press 

Direct  solvent  _  _ 
Prepress  solvent 


313. 

80 

322. 

00 

349. 

00 

356. 

00 

853. 

05 

853. 

05 

853. 

05 

853. 

05 

545.  15 
536.  95 
509.  95 
502.  95 


178 
178 
178 
178 


1,  890 
1;  890 
1,  890 
1,  890 


MILL  AREA  III 


Hydraulic 

Screw  press 

Direct  solvent.  _ 
Prepress  solvent 


320.  80 
329.  00 
356.  00 
363.  00 


890. 

65 

890. 

65 

890. 

65 

890. 

65 

514.  55 
506.  35 
479.  35 
472.  35 


178 
178 
178 
178 


1,904 
1,  904 
1,904 
1,904 


MILL  AREA  IV 


Hydraulic 

Screw  press 

Direct  solvent- . 
Prepress  solvent 


300.  80 
309.  00 
336.  00 
343.  00 


940.  00 
940.  00 
940.  00 
940.  00 


513. 

20 

505. 

00 

478. 

00 

471. 

00 

178 
178 
178 
178 


1,932 
1,  932 
1,  932 
,1,  932 


MILL  AREA  V 


Hydraulic 

Screw  press 

Direct  solvent.  _ 
Prepress  solvent 


304. 

80 

313. 

00 

340. 

00 

347. 

00 

947.  05 
947.  05 
947.  05 
947.  05 


524. 

15 

515. 

95 

488. 

95 

481. 

95 

178 
178 
178 
178 


1,  954 
1,954 
1,  954 
1,  954 


MILL  AREA  VI 


Hydraulic 

Screw  press 

Direct  solvent . . 
Prepress  solvent 


321.  80 
330.  00 
357.  00 
364.  00 


930.  60 
930.  60 
930.  60 
930.  60 


543.  60 
535.  40 
508.  40 
501.  40 


178 
178 
178 
178 


1,  974 
1,974 
1,974 
1,974 


1  The  difference  between  this  total  and  2,000  pounds  is  owing  to  working  loss  per  ton  of  seed  which  varies  with  the 
moisture  content  of  the  cottonseed. 


the  oil  yield  per  ton  of  seed  would  be  348.8  pounds 
(343  +  5.8),  as  this  rate  of  crushing  has  an  oil  gain 
of  5.8  pounds.  In  like  manner,  the  yield  by  the 
normal  prepress-solvent  rate  would  be  391  pounds 
(343+48)  as  this  extraction  rate  has  an  oil  gain  of 
48  pounds.  The  same  principle  applies  for  any 
other  rate  of  each  type  of  mill. 

COTTONSEED  MEAL  YIELDS 

All  mills  were  considered  as  producing  41  per- 
cent protein  meal  or  8  percent  ammonia  cake, 


which  is  the  usual  percentage.  To  produce  such 
meal,  94  percent  of  the  ammonia  content  of  seed 
must  be  left  in  the  cake.  Therefore,  the  formula 
for  8-percent  ammonia  cake  yield  is: 

Percent  of  ammonia  in  seed X 0.94X2,000 
8  percent 

Although  independent  of  the  type  of  mill  or 
operating  rate,  cake  yield  varies  from  area  to 
area  as  the  ammonia  content  of  seed  varies.  For 
example,  the  1944-48  average  ammonia  content  of 
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seed  in  mill  area  II  was  3.63  percent;  hence,  meal 
yield  for  any  mill  in  area  II  was  853.05  pounds  per 


ton  of  seed 


/3.63X0.94X2,000\ 


) 


COTTONSEED  LINTERS  YIELDS 

Yields  of  linters  for  different  operating  rates  of 
linter  machines  were  calculated  on  the  basis  of  the 
experience  of  17  mills  in  Texas,  Oklahoma,  Ar- 
kansas, and  Mississippi  during  the  1949-50  season. 
For  that  season,  these  mills  reported  an  average 
linters  cut  of  178  pounds  per  ton  of  seed  for  an 
average  linter  machine  rate  of  5  tons  of  seed  per 
24  hours.  The  average  linters  yield  per  linter 
machine  was,  therefore,  5X178,  or  890  pounds  per 
24  hours.  From  these  data  determinations  of 
yields  were  obtained,  as  follows: 

Pounds  of  linters  cut  per  ton  of  seed  = 

890 

Tons  of  seed  per  linter  machine  per  24 
hours 

Although  linters  yield  per  ton  of  seed  varies  with 
the  linter  machine  rate,  total  linters  per  linter 
machine  per  24  hours  were  thus  considered  to  be 
the  same  for  different  rates.  (The  linter  machine 
rate  for  any  given  mill  was  obtained  by  dividing 
its  daily  seed  crushing  rate  (or  rates)  by  the 
number  of  linter  machines.) 

COTTONSEED  HULL  YIELDS 

The  formula  used  in  computing  hull  yields  was: 
2,000  pounds  of  seed— (oil  yield+cake  yield  + 
linters  yield + working  loss  per  ton  of  seed). 

"Working  loss"  is  moisture  lost  in  working  the 
seed.  In  calculating  this  loss  it  was  assumed  that 
on  the  average  7  percent  of  the  weight  of  all  cotton- 
seed products  would  be  moisture.  The  analysis 
of  cottonseed,  on  which  the  grade  is  determined, 
is  based  on  seed  containing  1  percent  or  less  of 
dirt  and  trash.  Dirt  and  trash  in  excess  of  1 
percent  is  deducted  from  the  weight  of  the  ship- 
ment at  the  time  of  settlement.  If  dirt  and  trash 
of  less  than  1  percent  is  ignored  or  assumed  to 
find  its  way  into  the  products  eventually,  calcu- 
lating working  loss  resolves  itself  into  calculating 
the  moisture  loss  in  working  the  seed.  Therefore, 
determinations  of  working  loss  were  obtained,  as 
follows: 

Pounds  of  moisture  lost  in  working  seed  = 


'Percent  original  moisture— 7% 

r~  loo" 


)X2,000 


For  example,  the  1944-48  average  moisture 
content  of  area  II  seed  was  12.5  percent.  Hence, 
the  pounds  of  moisture  per  ton  of  seed  lost  in 
working  this  seed  was: 


/12.5-7X 
V    100    J 


X2,000=110 


III.  PLANT  AND  INVESTMENT 
REQUIREMENTS 

As  means  of  placing  alternative  mills  on  a  com- 
parable basis,  property  layouts  were  designed  for 
each  mill,  department  by  department  and  machine 
by  machine.  These  designs  were  then  used  in 
calculating  mill  investment  requirements  on  the 
basis  of  manufacturers'  prices  for  machinery, 
equipment,  and  building  materials,  freight  costs 
on  materials  and  equipment,  and  installation 
charges.  In  tins  wa}r,  investment  requirements 
were  developed  for  five  different  pricing  points — 
Memphis,  Tenn.,  Atlanta,  Ga.,  Dallas,  Tex., 
Phoenix,  Ariz.,  and  Bakersfield,  Calif. — and  then 
used  as  a  basis  for  calculating  certain  fixed  costs 
by  applying  appropriate  depreciation,  property 
tax,  interest,  and  insurance  rates. 

Standard  items  of  machinery  and  equipment 
were  used  throughout  all  mill  departments.  In  a 
few  cases,  when  standard  items,  such  as  bins,  were 
not  readily  available,  the  items  were  especially 
designed  and  their  cost  estimated  on  the  basis  of 
labor  and  materials. 

The  selection  of  specific  equipment  for  pricing 
was  influenced  by  several  factors.  In  addition  to 
the  judgment  of  those  making  the  selection,  the 
two  most  important  factors  were  the  degree  of 
cooperation  of  manufacturers  in  supplying  prices 
and  other  information,  and  the  adaptability  of  the 
equipment  to  the  unit  method  (described  later) 
of  compiling  costs. 

The  designs  are  not  presented  as  necessaiy 
models  to  be  followed  because  others  might  be 
better  under  certain  conditions.  Special  operating 
conditions  and  alternate  assumptions  of  different 
engineers  might  lead  to  some  variations  in  designs. 
However,  this  woidd  probably  not  greatly  change 
the  comparative  costs  of  different  types  of  mills 
of  comparable  capacities. 

OVERALL  FEATURES  OF  PROPERTY 
LAYOUTS 

General  features  of  property  layouts  are  illus- 
trated in  figures  3  through  7.  Figures  3,  4,  and  5 
illustrate  the  design  principles  for  any  hydraulic 
mill,  although  the  particular  mills  actually  used 
in  these  illustrations  were: 

10-press  mill  operating  at  10  tons  per 
press  for  a  10-month  season  (220  work- 
ing days). 

22-press  miU  operating  at  10  tons  per 
press  for  a  10-month  season. 

40-press  mill  operating  at  10  tons  per 
press  for  a  10-month  season. 

Except  for  seed  houses,  the  number  of  buildings 
in  the  property  layout  is  the  same  for  any  mill. 
As  a  protection  against  fire  hazards,  the  maximum- 
size  seed  house  was  limited  to  240  x  90  feet,  repre- 
senting a  storage  capacity  of  approximately  10,000 
tons.     Owing  to   this  limitation,  the  number  as 
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well  as  the  dimensions  of  seed  houses  varied  by 
size  of  mill. 

The  size  of  each  layout  was  determined  by 
(1)  the  number  of  presses,  (2)  the  daily  extraction 
rate  per  press,  and  (3)  the  length  of  the  operating 
season.  If  the  operating  season  of  a  given  mill 
were  6  instead  of  10  months,  the  number  and  size 
of  seed  houses  would  be  appreciably  different. 

As  the  same  property  layouts  were  used  for  both 
hydraulic  and  screw  press  mills,  no  drawings  of 
layouts  for  the  latter  were  included. 

Figures  6  and  7  illustrate  property  layouts  for 
prepress-solvent  and  direct-solvent  mills.  In  these 
illustrations,  the  prepress-solvent  mill  was  designed 
to  operate  at  240  tons  per  24  hours  for  a  10-month 
season,  and  the  solvent  mill  at  200  tons  per  day 
for  the  same  length  of  season. 

The  solvent  extraction  unit  (or  units)  for  both 
prepress-  and  direct-solvent  processes  was  un- 
housed. However,  the  screw-press  phase  of  the 
prepress-solvent  process  was  housed  in  the  prin- 
cipal mill  building,  hereinafter  called  the  "mill 
building."  Outside  this  building  were  located  a 
water  main  encircling  the  building  for  fire  protec- 
tion, a  road  on  one  side  and  across  both  ends,  a 
concrete-lined  drainage  ditch  along  one  side  to 
carry  away  rainwater,  a  powerline  and  poles 
running  alongside  the  building,  fire  hydrants 
spaced  not  more  than  200  feet  apart,  and  loading 
docks  opposite  some  of  the  doors  on  the  railroad 


track  side  of  the  building. 


Figure  2. —  Mill  building  of  cottonseed  oil  plant. 

METHOD  OF  CALCULATING  CAPITAL  COSTS 

At  the  outset  of  this  study  a  formidable  task 
was  that  of  devising  a  workable  method  for  de- 
veloping capital  cost  data  in  such  a  way  that  they 
could  be  readily  combined  into  investment  re- 
quirements for  an  indefinitely  large  number  of 
mills,  department  by  department.  The  main 
technique  finally  evolved  for  this  purpose  was 
called  the  "cost-unit"  method  of  estimating.  In 
terms  of  this  method,  the  investment  requirements 
for  any  mill  were  built  up  from  the  requirements 
for  different  departments,  which  in  turn  were 
built  up  from  "cost-units."  The  development  of 
the  cost-units  involved  five  main  steps   (the  de- 


gree of  detail  included  in  these  steps  is  substan- 
tially the  same  as  that  described  by  Nichols  (8) 
after  this  study  was  begun) : 

First,  drawings  were  made  for  a  whole  depart- 
ment with  equipment  layouts  which  could  be 
expanded  or  contracted  for  different  sizes  of  mills. 
Then  the  layouts  were  developed  in  sufficient 
detail  to  insure  that  an  accurate  determination  of 
the  machinery  and  a  reasonably  accurate  deter- 
mination of  needed  materials  could  be  made. 

Second,  as  the  amounts  of  machinery  and  ma- 
terials were  listed  from  the  drawings  and  calcula- 
tion sheets,  the  items  were  grouped  into  units 
according  to  the  central  purpose  they  served. 
(For  example,  all  equipment  required  for  each 
screw  press,  in  a  line  of  several  screw  presses,  was 
grouped  into  a  cost-unit,  called  a  screw  press  and 
auxiliary  equipment  unit.  This  unit  included  the 
screw  press,  the  conveyor  running  over  and  under 
the  press,  the  motors,  starters,  and  wiring  neces- 
sary for  each  press,  the  foundation  concrete,  and 
the  like.)  As  many  separate  groupings  as  neces- 
sary were  made  to  give  the  maximum  amount  of 
flexibility  in  the  use  of  the  units.  As  shown  in  the 
numerous  tables  throughout  this  chapter,  this 
method  of  grouping  physical  items  into  small  cost- 
units  was  used  on  machinery,  equipment,  build- 
ings, and  facilities  of  all  kinds. 

Third,  the  f.  o.  b.  factory  costs  for  five  pricing 
points  were  modified  by  taking  into  consideration 
trade  discounts,  waste  in  fabrication,  delivery 
charges,  and  other  factors,  so  as  to  approximate 
as  closely  as  possible  the  delivered  cost  at  the  mill 
site.  Freight  charges  were  based  on  the  weights 
and  freight  rates  for  any  items  in  the  units  to 
which  freight  charges  would  apply.  Freight  on 
specialized  equipment  such  as  linters,  screw 
presses,  and  the  like,  was  about  the  only  item  for 
which  freight  charges  had  to  be  calculated  indi- 
vidually. Many  items,  such  as  the  screw  con- 
veyor and  most  electrical  equipment,  are  custo- 
marily priced  with  freight  included  to  destination. 
In  this  connection,  weights,  shown  in  various 
tables  in  this  chapter,  are  only  approximate  as  the 
weight  for  all  items  in  a  given  machine  or  equip- 
ment unit  is  seldom  included.  For  example,  the 
weights  of  concrete,  brick,  sand,  lumber,  and 
similar  materials  associated  with  a  unit  were  not 
recorded  on  calculation  sheets  because  they  did 
not  contribute  to  the  problem  of  cost  estimating. 
Also,  for  some  items  such  as  steel  buildings  and 
steel  storage  tanks,  the  weight  information  was  not 
available,  as  the  manufacturer  supplied  the  price 
information  on  an  installed  cost  basis.  For  most 
items  for  which  weights  were  not  readily  available 
from  the  manufacturers,  the  weights  were  esti- 
mated, but  for  lightweight  items  the  weights  were 
ignored.  Most  of  the  buildings  and  tanks  were 
priced  on  an  installed  basis. 

The  fourth  step  in  the  cost-unit  estimating 
method  consisted  in  adding  an  installation  charge 
to  delivered  cost  of  each  machinery  and  equipment 
unit.     The  principal  item  in  this  charge  was  labor, 
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Kiouse  5.— Property  layout  for  a  40-press  hydraulic  cottonseed  oil  mill  designed  to  operate  at  10  tons  per  press  per  day  and  a  10-month  season  (220  working  days). 
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although  it  was  assumed  to  include  also  rental 
charges  on  any  tools  required  in  making  the  in- 
stallation, and  minor  items  such  as  foundation 
bolts.  In  developing  this  charge,  it  was  not  prac- 
tical to  use  prices  from  the  five  pricing  points  for 
labor  and  materials.  Instead,  wage  rates,  used 
for  the  different  crafts,  were  the  averages  of  the 
rates  for  the  cities  in  or  near  the  Cotton  Belt  (4), 
and  College  Station,  Tex.,  prices  were  used  for 
most  common  building  materials,  on  the  assump- 
tion that  costs  calculated  with  these  prices  would 
average  about  the  same  as  they  would  if  prices 
from  the  five  pricing  points  had  been  used. 

As  a  means  of  reducing  the  work  of  estimating 
installation  or  construction  labor  costs,  "unit- 
costs"  were  developed  for  many  items,  which  in- 
cluded materials,  fabrication  or  installation  labor, 
overhead  for  administration  of  labor,  delivery 
charges,  and  any  other  costs.  Developing  these 
unit-costs  required  many  assumptions  as  to  job 
conditions  and  sometimes  as  to  amounts  of  ma- 
terials needed,  but  the  use  of  such  unit-costs 
considerably  reduced  the  work  of  estimating. 
The  unit  cost  for  concrete  was  expressed  in  terms 
of  dollars  per  cubic  yard,  but  included  all  material 
and  labor  items  involved  in  concrete  construction. 
A  "lighting  outlet"  unit-cost  was  used  to  calculate 
the  cost  of  lighting  fixtures  in  a  building  instead 
of  listing  and  pricing  all  fixtures,  wire,  and  conduit 
separately  for  each  building.  Although  unit-costs 
of  this  type  were  used  to  make  up  the  cost-units 
shown  in  the  tables  of  this  chapter,  they  are  not 
listed  separately  in  the  tables. 

Whenever  the  installation  cost  was  not  known, 
or  could  not  be  estimated  with  reasonable  accu- 
racy, it  was  assumed  to  be  20  percent  of  the  net 
cost  of  the  item.  The  figure  of  20  percent  was 
obtained  from  published  figures  on  installation 
costs  which  ranged  from  20  to  40  percent  of  the 
factory  price  of  the  equipment.  However,  the 
items  covered  by  such  costs  were  seldom  specified. 
The  higher  figures  may  have  included  some  items 
such  as  electrical  wiring,  which  were  calculated 
separately  in  this  study.  The  lower  percentage 
figure  for  installation  costs  was  used  because  in- 
stallation of  much  of  the  oil-mill  machinery  would 
be  facilitated  by  its  light  weight  and  its  placement 
in  single-story  buildings. 

A  fifth  step  was  included  in  the  cost-unit  esti- 
mating method  when  the  purpose  of  an  equipment 
unit,  such  as  a  flue  system,  was  to  service  several 
other  units.  This  step  consisted  of  apportioning 
the  installed  cost  of  the  servicing  unit  among  the 
units  served,  as  when  the  per  linter  cost  of  the  flue 
system,  serving  the  linters,  was  obtained  by  divid- 
ing the  cost  of  the  flue  system  serving  44  linters 
by  the  number  of  linters.  This  step  had  the  ad- 
vantage of  substantially  reducing  the  total  number 
of  units  to  be  tabulated  and  otherwise  simplifying 
the  procedure  for  combining  the  cost-units  into 
totals  for  entire  departments. 

This  cost  estimating  step  was  used  more  for  the 
mechanical  pretreatment  department,  which  was 


more  difficult  to  divide  into  a  reasonable  number 
of  units,  than  for  any  other  department.  Besides 
the  costs  of  the  flue  system,  the  costs  of  the  drives, 
the  cross  conveyors,  and  the  elevators  serving  the 
conveyors  over  and  under  the  linters,  and  the  costs 
of  linter  cleaners  were  divided  into  costs  per  linter 
which  were  added  to  the  linter  cost-unit.  In  the ' 
screw-press  department,  the  cost  of  the  system 
serving  to  cool  the  screw  presses  was  divided  into 
a  cost  per  press  which  was  added  to  the  screw  press 
cost-unit. 

To  estimate  costs  in  some  instances  where  cost 
data  were  available  on  one  or  more  sizes  of  equip- 
ment but  not  on  others,  a  graph  of  the  available 
data  was  constructed  and  the  unknown  data  were 
read  from  the  graph.  When  the  costs  of  different 
sizes  of  equipment  were  plotted  on  log-log  paper 
against  capacity  or  another  characteristic  of  the 
equipment  the  graph  was  a  straight  line  or  nearly 
so.  The  slope  of  the  graph  has  been  demonstrated 
by  Williams  (14)  to  be  about  0.6  for  many  types  of 
equipment.  An  example  of  the  use  of  this  method 
was  that  of  estimating  the  cost  of  hull  houses  40 
feet  wide  from  known  costs  and  surface  areas  of 
houses  60  and  90  feet  wide. 

PROCESSING  DEPARTMENTS 

Processing  departments  of  a  mill  change  the 
form  of  materials.  The  mechanical  pretreatment 
department  separates  cottonseed  into  seed  and 
linters  and  further  separates  delinted  seed  into 
meats  and  hulls.  The  baling-press  department 
compresses  linters  into  bales.  The  oil-extraction 
department  separates  the  meats  into  oil  and  cake 
or  meal.  Cake  and  meal  bins  receive  cracked 
cake  from  the  oil-extraction  department  of  hydrau- 
lic or  screw-press  mills  or  extracted  meal  from 
solvent  processes  and  store  it  for  further  processing 
or  later  shipment.  The  cake-processing  depart- 
ment grinds  slab  cake  into  bulk  meal,  and  sacks 
or  pellets  bulk  meal.  Bulk  meal  may  or  may  not 
be  pelleted  or  sacked. 

MECHANICAL  PRETREATMENT  DEPARTMENT 

The  mechanical  pretreatment  department  is 
described  in  terms  of  (1)  the  flow  of  materials,  (2) 
machinery  and  equipment  units,  (3)  linter  room 
design,  (4)  machine  rates,  (5)  number  of  machines 
by  size  of  mill,  (6)  building  requirements,  and  (7) 
department  investment  requirements  by  type  and 
size  of  mill. 

Flow  of  Materials 

The  flow  of  materials  through  the  mechanical  pre- 
treatment department  operations  is  illustrated  in 
figure  8.  The  alternative  use  of  crushing  or  flaking 
rolls  is  shown  on  this  flow-sheet,  and  the  processing 
is  seen  to  be  the  same  for  all  four  types  of  mills  up 
to  the  preparation  of  the  separated  meats  for 
extraction. 

The  seed  are  first  cleaned  of  trash  and  dirt  by 
means  of  a  boll  reel  and  seed  cleaners.    Also,  large 
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Figure  8. — Flowsheet  of  mechanical  pretreatment  department  of  cottonseed  oil  mills. 
Source :  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 


locks  of  cotton,  called  grabbots,  are  reclaimed  and 
sent  on  to  the  baling  press.  The  cleaned  seed  are 
then  passed  through  a  series  of  delinting  machines 
(commonly  called  linters)  which  remove  the  short 


fibers  or  linters  from  the  seed,  and  send  them  on  to 
the  baling-press  room  for  baling. 

After  being  separated  from  their  linter  fibers,  the 
seed  are  next  divided  into  hulls  and  meats;  then 
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the  hulls  are  sent  to  the  hull  house  for  storage, 
except  for  such  portions  as  may  be  loaded  directly 
into  trucks  or  cars  for  shipment. 

In  hydraulic,  screw-press,  and  prepress-solvent 
mills,  meats  are  passed  through  a  rolling  operation 
which  prepares  them  for  cooking  and  pressing 
in  the  press  room.  In  direct-solvent  mills,  the 
meats  pass  directly  from  this  rolling  operation 
in  the  linter  room  to  the  oil-extraction  unit, 
located  outside  the  mill  building;  and,  as  the  meats 
are  separated  into  oil  and  meal,  the  meal  is  car- 
ried to  the  meal-processing  department,  located 
adjacent  to  the  linter  room.  The  principles  of 
this  arrangement  are  shown  in  figures  25  and  27. 

Machinery  and  Equipment  Units 

Characteristics  of  mechanical  pretreatment 
equipment  units  may  be  described  in  the  order 
of  the  operations  they  perform,  beginning  with 
the  seed  bin. 

Seed  Bins.  The  main  purpose  of  the  seed  bin 
is  to  save  seed-handling  labor  by  receiving  seed 
either  from  the  unloading  of  incoming  seed  or 
from  storage,  whichever  is  most  convenient  at  a 
particular  time.  The  bin  also  provides  a  supply 
of  seed  from  which  the  seed  flow  to  the  processing 
machinery  can  be  regulated. 


Figure  9. — Outside  seed  bin. 


The  seed  bin  is  constructed  of  steel  and  rec- 
tangularly shaped,  with  a  hopper  bottom,  and  is 
supported  off  the  ground  on  legs.  It  stands  out- 
doors, and  is  covered  with  a  peaked  roof.     Addi- 


tions to  its  length  are  made  by  increments  10 
feet  long,  which  include  only  2  sides  and  2  legs. 

Boll  Reel.  The  boll  reel  separates  coarse 
foreign  material  from  the  seed.  Essentially,  it 
consists  of  a  hollow  cylinder  formed  of  perforated 
sheet  metal,  open  at  both  ends,  and  revolving 
on  a  central  shaft  which  is  inclined  slightly  from 
the  horizontal.  The  seeds  drop  out  of  Xhe  cylin- 
der through  the  perforations  while  the  foreign 
material  remains  within  the  cylinder  to  be  dropped 
out  of  the  open  discharge  end. 

Although  the  reel  is  not  used  in  all  sections  of 
the  Cotton  Belt,  it  is  necessary  where  seed  from 
the  gin  contains  considerable  amounts  of  loose 
and  immature  cotton.  Without  boll  reels,  the 
bale  deck  of  the  seed  cleaner  may  become  plugged 
frequently. 


Figure  10.— Boll  reel. 

Seed  Cleaner.  The  seed  cleaner  removes 
smaller  sizes  of  foreign  material  from  the  seed 
than  can  be  removed  by  the  boll  reel.  The 
cleaner  is  composed  of  a  shaker  screen,  fan,  and 


Figure  11. — Cottonseed  cleaner. 
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draft  chamber.  Separation  of  seed  and  foreign 
matter  is  accomplished  by  a  combination  of 
mechanical  screening  and  air  separation. 

Linter.  The  linter  consists  of  revolving  cir- 
cular saws  whose  teeth  remove  the  short  fibers 
that  grow  out  of  the  hull  of  the  cottonseed  by 
catching  and  pulling  them  away  from  the  seed. 
The  fibers  are  removed  from  the  saw  teeth  by  a 
revolving  cylindrical  brush  or  by  an  air  blast 
that  suspends  them  in  an  air  stream  in  which 
they  are  conveyed  through  pipes  to  collecting- 
equipment. 


Fir; ore  12. — Machine  for  delinking  cottonseed. 

Linter  Saav  Sharpener.  The  linter  saw  sharp- 
ener renews  the  shape  of  the  teeth  on  the  linter 
saws  and  sharpens  them  after  they  have  become 
worn. 


Figure  13.— Delinter-saw  sharpening  machine. 


Grabbots-Reclaiming  System.  Grabbdts  are 
locks  of  cotton  which  escape  ginning  and  get  into 
the  seed  at  the  gin.  At  cottonseed  mills,  they  are 
separated  from  the  seed  by  the  boll  reel  and  seed 
cleaner.  In  the  mills  designed  for  this  project,  a 
drag  belt  was  provided  to  convey  the  heavy  for- 
eign material  cleaned  from  the  seed  by  the  reel  and 
cleaner.  The  grabbots-reclaiming  system  in- 
cluded the  equipment  to  pick  up  the  grabbots  from 
the  drag  belt  with  an  ah*  stream,  convey  them  to  a 
grabbot  cleaner,  and  convey  the  cleaned  grabbots 
to  a  bin  in  the  baling  press  building.  A  grabbots- 
reclaiming  system  was  provided  on  the  basis  of  1 
system  for  a  single  layout  of  linters  and  2  systems 
for  a  dual  la3^out.  Grabbots  handled  in  tins  man- 
ner still  contain  cottonseed.  The  baled  unginned 
grabbots  are  either  sold  in  this  form  or  are  reginned 
in  a  cotton  gin,  rebaled,  and  sold  as  reginned  grab- 
bots. 

Motes-Reclaiming  System.  During  the  de- 
linting  process,  material  consisting  of  underde- 
veloped seed,  hull  particles,  and  other  material  to 
which  linter  fibers  are  attached,  are  pulled  from 
the  seed  by  the  saws  along  with  the  linters.  This 
heavy  material  is  separated  in  the  linter  machine 
from  the  air  stream  and  dropped  out  of  the  bottom 
of  the  linter.  When  this  material  contains  suffi- 
cient fiber  to  justify  reprocessing,  it  is  put  through 
a  beater  which  separates  some  of  the  heavy  non- 
fibrous  material.  The  cleaned  fiber  is  baled  and 
sold  as  motes,  whereas  the  heavy  nonfibrous  ma- 
terial passes  into  the  hulling  and  separating  ma- 
chinery. When  the  material  dropped  out  of  the 
linter  machines  contains  a  low  percentage  of  fiber, 
it  is  not  reprocessed  but  is  added  to  the  delinted 
seed  and  passed  into  the  hulling  and  separating  ma- 
chinery or  conveyed  directly  to  the  stream  of  hulls. 
A  motes-reclaiming  system  was  provided  on  the 
basis  of  1  system  for  a  single  layout  of  linters  and 
2  systems  for  a  dual  layout. 

Scalping  Shaker.  The  scalping  shaker  is  a 
shaker  screen  situated  ahead  of  the  huller  to  re- 
move unprocessed  motes  which  come  from  the 
second  cut  linters,  or  other  foreign  material,  such  as 
bolts,  which  might  damage  the  huller. 

Huller  and  Shaker.  The  huller  cracks  or 
cuts  the  hulls  of  the  cottonseed  so  that  the  shaker, 
which  is  directly  underneath  the  huller,  can  sepa- 
rate the  meats  from  the  hulls.  A  bar-type  huller 
consists  of  a  cylinder  to  which  are  fastened  knives 
running  the  length  of  the  cylinder.  The  cylinder 
revolves  rapidly  inside  a  concave  to  which  station- 
ary knives  are  attached.  The  clearance  between 
the  revolving  and  stationary  knives  determines 
the  degree  of  cracking  of  the  seed. 

The  shaker  is  a  mechanical  screen,  having  two 
decks,  that  separates  the  cracked  cottonseed  into 
fine  meats,  coarse  meats  containing  some  hulls,  and 
hulls  and  uncut  seeds. 

Hull  Beater.  The  hull  beater  recovers  fine 
meat  particles  from  the  hulls.  The  beater  con- 
sists of  a  horizontal  revolving  drum  formed,  of 
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Figure  16. — Double-drum  hull  beater. 
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Figure  14. — Functional  drawing  of  a  huller  for 
decorticating  cottonseed. 


Figure  15. — Shaker  screen  for  separating  meats  and  hulls. 


perforated  sheet  metal  and  having  a  spike-arm 
inside  which  revolves  at  a  greater  speed  than  the 
drum.  The  meat  particles  pass  through  the  per- 
forations in  the  drum  while  the  hulls  pass  along 
the  drum  to  spill  out  at  the  discharge  end. 

Purifier.  The  purifier  is  another  shaker 
screen,  equipped  with  aspirator  hoods,  which 
further  fractionates  the  coarse  meats  contain- 
ing some  hulls  from  the  shaker  into  meats  and 
hulls  by  a  combination  of  mechanical  screening 


and  air  separation.  AJso,  it  removes  some  un- 
cracked  seeds  from  the  meats  and  returns  them  to 
the  huller.  Included  in  the  auxiliary  equipment 
for  each  purifier  is  a  tailings  beater,  much  like  the 
hull  beater,  which  operates  on  the  material  aspi- 
rated from  the  purifier  to  refine  the  separation  be- 
tween meats  and  hulls.  The  meats  from  the  puri- 
fier and  from  the  tailings  beater  go  to  the  rolls 
while  the  hulls  from  the  tailings  beater  pass  into 
the  hulls  stream. 


Figure  17. — Purifier  for  separating  meats  and  hulls. 

The  purifier  is  important  in  regulating  the  pro- 
tein content  of  the  press  cake,  as  it  controls  the 
quantity  of  hulls  separated  from  the  meats. 

Hull  and  Seed  Separator.  The  hull  and  seed 
separator  divides  hulls  and  uncracked  seed  (re- 
ceived from  the  huller  shaker)  by  means  of  an  air 
stream,  the  hulls  going  to  hull  storage  while  the 
uncracked  seeds  return  to  the  huller. 
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Crushing  Rolls.  Rolling  the  meats  prior  to 
extraction  is  common  to  all  4  types  of  mills. 
This  operation  is  done  by  5-high  crushing  rolls 
in  hydraulic  mills  and  to  a  large  extent  in  screw- 
press  and  prepress-solvent  mills. 

The  crushing  roll  unit  consists  of  5  solid  steel 
rolls  arranged  1  on  top  of  the  other  with  the  full 
weight  of  the  4  top  rolls  bearing  on  the  bottom 
roll.  When  the  rolls  are  turning,  the  meats  are 
directed  by  cant  boards  so  as  to  pass  between 
the  rolls  until  they  reach  the  bottom. 


Figure  19. — Hulling  and  separating  machinery 


Figure  20. — Five-high  crushing  rolls. 

Flaking  Rolls.  The  flaking  roll  machine 
rolls  the  meats  prior  to  extraction  in  direct 
solvent  mills.  It  consists  of  two  solid  steel  rolls 
arranged  side  by  side  in  a  horizontal  plane.  The 
rolls  are  usually  about  20  to  24  inches  in  diameter 
and  of  various  lengths  up  to  about  4  feet.  The 
rolls  run  together  and  turn  toward  each  other  at 
the  top. 

The  thickness  of  the  rolled  material,  which 
comes  out  underneath,  is  controlled  by  regulating 
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the  amount  of  material  fed  between  the  rolls  and 
by  adjusting  the  compression  on  springs  holding 
the  rolls  together. 


Figure  21. — Flaking  roll. 


Capacities  of  the  flaking  rolls,  rolling  impressed 
meats,  were  calculated  according  to  Wamble's 
formulas  (12).  This  calculation  assumed  (1) 
that  the  size  of  the  small  roll  was  24  inches  in 
diameter  and  24  inches  long,  and  the  large  roll 
was  20  inches  in  diameter  and  42  inches  long; 
(2)  that  the  speeds  of  both  sizes  of  rolls  were  275 
r.  p.  m.;  (3)  that  the  flake  thickness  was  0.010 
inch;  and  (4)  that  the  rolls  operated  at  67  percent 
of  theoretical  efficiency. 

Conditioners.  The  conditioner  selected  for 
direct-solvent  mills  for  heating  the  meats,  con- 
sists of  steam-jacketed  kettles  stacked  one  on  top 
of  the  other  with  an  opening  in  the  bottom  of 
each  through  which  the  material  being  heated 
can  fall  from  kettle  to  kettle.  A  gate,  operated 
by  the  level  of  material  in  each  kettle,  auto- 
matically admits  more  material  from  the  kettle 
above  to  maintain  a  constant  level  in  each  kettle. 
In  each  kettle,  the  material  is  agitated  by  a  sweep 
that  is  fastened  to  a  central  vertical  shaft  passing 
through  all  of  the  kettles. 

Capacities  of  conditioners  were  calculated  on 
the  basis  of  cooker  capacities  and  on  analogous 
relationships  between  soybean  and  cottonseed 
operations. 

Linter-Room  Design 

Change  in  the  size  of  mills  was  associated  at 
certain  points  with  important  changes  in  prin- 
ciples of  linter-room  design.  To  a  much  lesser 
extent,  the  same  was  true  of  change  in  type  of 
mill. 


Figure  22. — Phantom  view  of  stack  cooker  or  conditioner. 


Figure  23. — View  of  a  modern  linter  room. 
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Most  important  of  these  changes  was  a  shift 
from  a  single  to  a  double  layout  of  linters  as  mills 
grew  larger.  A  single  layout  was  employed  for  all 
mills  up  to  but  not  including  56  linters  in  size 
(equivalent  to  a  28-press  hydraulic  mill)  as  shown 
in  figure  24.  Beginning  with  the  56-linter  mill, 
a  double  seed-stream  layout  was  provided  be- 
cause, at  this  point,  four  cookers  were  required 
in  the  extraction  department  of  hydraulic  mills. 
The  second  pair  of  cookers  was  arranged  to  oper- 
ate independently  of  the  first  pair- and  a  similar 
arrangement  of  the  mechanical  pretreatment  ma- 
chinery was  a  logical  consequence.  The  principles 
of  design  of  this  dual  layout  of  linters  are  illus- 
trated in  figure  25. 

Down  to  the  rolling  operation,  the  same  equip- 
ment and  linter-room  design  were  employed  in  all 
four  types  of  mills.  In  hydraulic,  screw-press,  and 
prepress-solvent  mills,  crushing  rolls  were  used, 
whereas  flaking  rolls  were  employed  in  direct- 
solvent  mills. 

Figure  27  illustrates  the  principles  of  design  by 
which  flaking  rolls  were  connected  with  a  single- 
linter  layout,  whereas  figure  28  shows  the  same 
connection  for  a  dual  layout. 

Machine  Rates 

Three  operating  rates  were  used  in  determining 
the  number  of  machinery  and  equipment  units 
required  for  each  mill.  First  is  the  normal  rate — 
approximately  the  rate  at  which  a  given  machine 
is  customarily  run  in  a  well-operated  mill,  and 
mainly  used  by  engineers  in  designing  a  plant. 
Second  is  the  maximum  rate — the  rate  above  which 
a  machine  probably  would  not  be  run.  Third  is 
the  minimum  rate — the  rate  below  which  the 
machine  would  not  be  utilized  to  best  advantage, 
or,  as  in  the  case  of  a  huller  and  shaker,  would 
not  function  properly. 

For  individual  machines  these  rates  were  deter- 
mined, in  many  cases,  by  setting  the  maximum 
rate  on  the  basis  of  practical  operating  experience 
and  the  machine  manufacturer's  rating,  and  then 
considering  the  normal  and  minimum  rates  to  be 
80  and  60  percent  of  the  maximum,  respectively. 
This  principle  was  applied  to  the  boll  reel,  seed 
cleaner,  hullers  and  shakers,  purifiers,  hull  beaters, 
and  hull  and  seed  separator. 

The  rates  for  other  machines  were  calculated  as 
follows: 

Saw-Sharpening  Machines.  In  line  with  good 
operating  practice,  it  was  assumed  that  each  mill 
should  be  equipped  so  that,  if  necessary,  each  saw 
cylinder  might  be  filed  or  gummed  every  8  hours, 
45  minutes  being  required  per  cylinder  for  filing. 
It  is  not  assumed  that  saws  should  always  be  filed 
this  often,  but  this  is  the  fastest  filing  schedule 
which  a  mill  should  be  prepared  to  meet.  Under 
this"  condition,  each  saw  sharpener  will  serve  10.7 
linters  per  24  hours.  The  maximum  linter  rate  is 
7  tons;  hence,  the  maximum  rate  of  a  saw  filer  is 
approximately  75  tons  of  cottonseed  per  24  hours. 
Its  normal  rate  is  53  tons  per  day,  as  the  normal 


linter  rate  is  5  tons  per  day.  Its  minimum  rate 
is  43  tons  per  day,  as  the  minimum  linter  rate  is 
4"  tons  per  day. 

Crushing  Rolls.  The  capacities  of  crushing 
rolls  were  calculated,  as  were  the  capacities  of 
flaking  rolls.  This  calculation  assumed  that: 
(1)  Meats  are  rolled  to  a  flake  thickness  of  0.008 
inch;  (2)  the  operating  efficiency  of  the  rolls  is 
50  percent  of  the  theoretical  flake-producing  ca- 
pacity; (3)  the  meats,  ready  for  rolling,  represent 
62  percent  of  the  weight  of  the  delinted  seed; 
(4)  for  all  sizes  of  rolls  except  the  largest,  the  roll 
speeds  are:  Maximum,  270  r.  p.  m.,  normal,  205 
r.  p.  m.,  minimum,  140  r.  p.  m.;  and  (5)  for  the 
largest  roll  the  speeds  are:  Maximum,  300  r.  p.  m., 
normal,  220  r.  p.  m.,  and  minimum,  140  r.  p.  m. 
The  higher  speed  was  used  for  the  largest  roll  to 
give  it  greater  capacity  as  calculated  by  the 
Wamble  {12)  formula. 

Number  of  Machines  by  Size  of  Plant 

The  number  of  machines  of  a  given  type  re- 
quired by  any  mill  was  first  approximated  by 
dividing  the  normal  plant  rates  (table  3)  by  the 
normal  rates  of  the  individual  machine.  For 
example,  the  number  of  linters  required  by  a 
20-press  hydraulic  mill  is: 
(10  tons  per  press  per  day X  20  presses)  _  200 
5  tons  per  linter  5 

However,  exclusive  use  of  the  relationship  of 
normal  plant  rates  and  the  normal  rates  of  indi- 
vidual machines  sometimes  resulted  in  bottlenecks 
when  a  mill  was  run  at  its  maximum  processing 
rate.  To  avoid  such  bottlenecks,  enough  ma- 
chines were  always  provided  so  that  no  machine 
would  be  exceeding  its  maximum  rate  when  the 
mill  was  run  at  its  maximum  rate.  For  example, 
the  normal  and  maximum  rates  for  a  12-press 
hydraulic  mill  are  120  and  168  tons  per  day, 
respectively.  The  normal  and  maximum  operat- 
ing rates  for  a  double  drum  hull  beater  are  115 
and  143  tons  per  day,  respectively.  If  only  the 
normal  mill  rate  were  considered,  only  1  beater 
woidcl  be  required.  However,  when  the  maximum 
rates  of  both  the  beater  and  the  mill  were  con- 
sidered, the  number  of  hull  beaters  was  increased 
to  2. 

Building  Requirements 

As  previously  stated,  the  mechanical  pretreat- 
ment department  was  housed  in  a  section  of  the 
mill  building.  The  building  as  a  whole  was  steel 
frame,  iron  clad.  It  was  50  feet  wide,  16  feet  clear 
under  the  trusses,  and  20  feet  between  trusses,  and 
had  a  continuous  monitor  6  feet  high  by  18  feet 
wide  running  lengthwise.  The  building  section 
for  the  smallest  mechanical  pretreatment  depart- 
ment was  60  feet  long.  The  cost  of  any  larger 
section  (as  shown  in  table  10),  required  for  various 
sizes  and  types  of  plants,  was  obtained  by  adding 
the  costs  of  20-foot  increments  to  this  minimum 
section.  (The  costs  of  the  mill  building  as  a 
whole  included  the  costs  of  the  outside  items 
mentioned  on  page  16.) 
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Table  9. — Descriptions  and  costs  of  machinery  and  equipment  units  in  mechanical  pretreatment  depart- 
ments oj  cottonseed  oil  mills,  1949-50 


Machinery  and  equipment 


Physical  description 


Costi 


Approx- 
imate 
■weight 


Allo- 
cated 

build- 
ing- 
space 


Capacity    (operating 
rates  per  24  hours) 


Mini- 
mum 


Nor- 
mal 


Maxi- 
mum 


Deliv- 
ered 


Instal- 
lation 


Seed  bin — end  unit  (36-ton  capacity) 

Auxiliary  equipment 

Seed  bin — center  unit  (36-ton  capacity) 

Auxiliary  equipment 

Boll  reel  (5'  diam.  by  16'  long) 

Initial  auxiliary  equipment 

Auxiliary  equipment  for  each  reel 

Seed  cleaner  (60"  wide) 

Initial  auxiliary  equipment 

Auxiliary  equipment  for  each  cleaner 

Linter  (176  saw) 

Initial  auxiliary  equipment 

Auxiliary  equipment,  for  each  linter 

Saw-sharpening  machine 

Motes-reclaiming  system 

Initial  auxiliary  equipment 

Grabbots-reclaiming  system 

Initial  auxiliary  equipment - 

Scalping  shaker  (2  trav) : 

48"  wide 

54"  wide 

Auxiliary  equipment  for  each  shaker 

-Huller  and  shaker: 

36"  wide  huller  and  48"  wide  shaker 

48"  wide  huller  and  54"  wide  shaker 

Initial  auxiliary  equipment 

Auxiliary  equipment  for  each  huller  and 

shaker 

Hull  beater: 

Single  drum 

Double  drum 

Initial  auxiliary  equipment 

Auxiliary  equipment  for  each  beater 

Purifier: 

36" 

54" 

Auxiliary  equipment  for  each  purifier 

Hull  and  seed  separator  (66"  wide) 

Initial  auxiliary  equipment 

Auxiliary  equipment  for  each  separator 

Drive  for  hulling  and  separating  machinery: 

75  horsepower 

100  horsepower 

125  horsepower 

150  horsepower 

Crushing  rolls  and  auxiliary  equipment: 

Four  14"  and  one  16"  diam.,  36"  long 

Four  16"  and  one  18"  diam.,  48"  long 

Four  16"  and  one  18"  diam.,  60"  long 

One  16"  and  four  20"  diam.,  60"  long 

Flaking  roll: 

Small 


Conditioner: 

3-ring  high,  56"  diameter. 
3-ring  high,  72"  diameter. 
4-ring  high,  72"  diameter. 
6-ring  high,  72"  diameter. 
6-ring  high,  85"  diameter. 


Pounds 
16,  512 
6,419 
7,966 
1,  926 
9,  000 
10,  552 
2,863 
8,  500 
3,632 
3,991 


500 

715 
446 
846 
881 
4,  981 
6,  148 
2,  454 


2,  160 

2,  530 
5,459 

6,  060 

7,  930 
1,  169 

4.  933 

1,200 

4,700 

593 

3,  159 

3.  400 

3,  800 
6,  029 

1,  800 

2,  131 

4,  075 

3,407 

3,  957 

4,  984 

5,  667 

20,  153 

26,  908 
31,  368 

44,  197 

15,  196 

20,  601 

23,  372 

28,  370 
33,  708 
41,  834 
48,  929 


Sq.  ft. 


280 


291 


133 
109 


232 
232 


232 
232 


232 
232 


232 
232 


102 


191 
191 
191 
191 

120 
120 

71 

71 

142 

142 

284 


Tons 
43 


Tons 
54 


43 


83 


60 


43 


168 
189 


46 
63 


35 

86 


129 
189 


63 


34 
52 
65 

72 

65 
95 

60 
115 
155 
235 
330 


54 


110 


80 


224 
252 


62 
84 


46 
115 


168 
252 


84 


51 

76 

95 

113 

85 
125 

80 
155 
210 
310 
440 


Tons 
108 


108 


138 


100 


75 
336 


336 


Dollars 

2.  050 
3,736 

977 

726 

2,713 

4,  558 

1,  030 

3,  327 

2,  246 
1,  498 
1,  694 

671 
1,  591 

3,  567 
1,  275 

1,  169 

2,  740 
346 


280    1, 116 
315    1,  123 

2,  786 


77 
105 


58 
143 


210 
315 


105 


66 
100 
125 
153 

110 
155 

100 
195 
260 
390 
550 


3,482 

3,  723 

678 

1,  799 

979 

2,  445 
502 

1,037 

1,  601 

1,  680 

2,  236 
1.  110 

1,  797 
980 

2,  546 
3,338 

3,  900 
4,331 

10,  766 

14,  527 

15,  878 
21,636 

9,  503 

13,  582 

9,  649 

11,  289 

12,  505 
15,  279 
17,  442 


Dollars 
413 
1,  056 
199 
182 
500 

1,  172 
275 
630 
590 
363 
326 
240 
587 
361 
519 
507 
985 
132 

216 
216 
783 

675 
716 

75 

589 

192 
472 
104 
226 

308 
323 
671 
215 
375 
404 

398 
521 
621 
674 

2,  127 
2,870 
3,297 
4,258 

1,  915 

2,  690 

2,406 

2,  724 

2,  977 

3,  588 

4,  015 


1  Memphis,  Tenn.,  was  used  as  the  price  basing  point. 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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Figure  25. — Mechanical  pretreatment  department  of  hydraulic,  acrew-press,  or  prepress-solvent  cottonseed  oil  mills  designed  to  process  from  230  to  320  tons  of  seed  per  day. 
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Figure  26. — Mechanical  pretreatment  department  of  hydraulic,  screw-press,  or  prepress-solvent  cottonseed  oil  mills 

designed  to  process  from  40  to  80  tons  of  seed  per  day. 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946   (RMA,  Title  II). 


Each  machine  requiring  floor  space  was  assigned 
an  area  based  on  the  dimensions  of  the  machine 
plus  the  clearance  necessary  on  all  sides  of  it. 
Following  this  principle,  the  total  area  of  each 
building  was  divided  into  two  parts;  the  part 
assigned  to  individual  machines  was  called  allo- 
cated and  the  remainder  was  called  unallocated. 
This  procedure  afforded  a  useful  check  on  the 
efficiency  with  which  machine  layouts  in  mills  of 
different  sizes  could  utilize  the  necessary  total 
floor  space. 

Investment  Requirements 

Machinery  and  equipment  units,  involved  in  the 
mechanical  pretreatment  department  of  any  cot- 
tonseed oil  mill,  are  described  in  table  9  in  terms  of 
their  weight,  operating  rates,  allocated  floor  space, 
and  delivered  and  installation  cost  (at  Memphis). 

Table  10  describes  and  gives  the  costs  of  the 
housing  section  of  the  mill  building  for  corre- 
sponding types  and  sizes  of  mills. 

By  combining  this  information,  table  11  shows 
total  investment  requirements  for  the  mechanical 
pretreatment  department  of  hydraulic,  screw-press, 
and  prepress-solvent  mills  by  size  of  mill.  Table 
12  does  the  same,  for  the  various  sizes  of  direct- 
solvent  mills.  The  mechanical  pretreatment  de- 
partment of  direct-solvent  mills  includes  flaking 


rolls  and  conditioners,  whereas  in  other  types  of 
mills  this  department  includes  crushing  rolls 
instead  of  flaking  rolls. 

Table  10. — Description  and  cost  of  mechanical 
pretreatment  sections  of  cottonseed  oil  mill  build- 
ings, 1949-50 


Building  section  and  cor- 
responding mills 


50  by  60-foot  section 

1-press  screw  press 

50  by  80-foot  section 

4-press  hydraulic 

Prepress  solvent,  plant  1_ 

2-press  screw  press 

Direct  solvent,  plant  1___ 
6-press  hydraulic 

50  by  100-foot  section 

8-press  hydraulic 

3-press  screw  press 

Prepress  solvent,  plant  2. 

50  by  120-foot  section 

10-press  hydraulic 

4-press  screw  press 

Direct  solvent,  plant  2__. 


Area 


Total 


Sq.  ft. 
3,000 


4,  000 


5,  000 


6,  000 


Allocat- 
ed to 
machine 


Percent 
67 


68 
68 
75 
75 
82 


78 
78 
78 


Total 
cost 


Dollars 
19,  693 


23,  823 


28,  544 


32,  781 


31 


Table  10. — Description  and  cost  of  mechanical 
pretreatment  sections  of  cottonseed  oil  mill  build- 
ings ,  1 94-9-50 — Continued 


Table  10. — Description  and  cost  of  mechanical 
pretreatment  sections  oj  cottonseed  oil  mill  build- 
ings, 1949-50 — Continued 


Building  section  and  cor- 
responding mills 


50  by  140-foot  section 

1 2-press  hydraulic 

5-press  screw  press 

50  by  160-foot  section 

14-press  hydraulic 

6-press  screw  press 

16-press  hydraulic 

Prepress  solvent,  plant  3_ 

50  by  180-foot  section__. 

18-press  hydraulic 

7-press  screw  press 

50  by  200-foot  section 

20-press  hydraulic 

8-press  screw  press 

Direct  solvent,  plant  3 

50  by  220-foot  section 

22-press  hydraulic 

50  by  240-foot  section 

24-press  hydraulic 

Prepress  solvent,  plant  4^ 

MEAL  BIN 

^ — rA 


Area 


Total 


Sq.  ft. 

7.  000 


8,  000 


9,  000 


10.  000 


11.000 
12,000 


Allocat- 
ed to 
machine 


Percent 


93 
93 


90 
93 
96 
96 


99 

99 


95 
95 
95 


92 


95 
95 


Area 


Total 
cost 


Building  section  and  cor- 
responding mills 


Total 


Dollars 
37.  595 


41,  974 


46,  234 


50,  738 


55,  181 
59,  459 


50  by  260-foot  section 

10-press  screw  press 

50  by  300-foot  section^ 
28-press  hydraulic 

50  by  320-foot  section 

Direct  solvent,  plant  4_ 

30-press  hydraulic 

12-press  screw  press 

32-press  hydraulic 

50  by  360-foot  section 

36-press  hydraulic 

14-press  screw  press 

50  by  380-foot  section .  _  _ 

40-press  hydraulic 

16-press  screw  press 

Direct  solvent,  plant  5_ 

Prepress  solvent,  plant  5_ 


Sq.  ft. 
13.  000 


15,  000 

i6, 666" 


18,  000 
19,066" 


Allocat- 
ed to 
machine 


Percent 


96 
"96" 


91 
93 
93 

96 


99 
99 


100 
100 
100 
100 


Total 
cost 


DoUars 
63,  735 


73,  463 

"78,"  2  72 


87,  368 
"92,"  150 


Source:    Data  obtained  through    contract    under  Agri- 
cultural Marketing  Act  of  1946  (RMA,  Title  II). 
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Ficure  27. — Part  of  mechanical  pretreatment  department  of  a  direct-solvent  cottonseed  oil  mill  designed  to  process  200 

tons  of  seed  per  day. 
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Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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Figure  28. — Part  of  mechanical  pretreatment  department  of  a  direct-solvent  cottonseed  oil  mill  designed  to  process 

300  tons  of  seed  per  day. 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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Table  12. — Investment  requirements  for  mechanical  pretreatment  departments  for  different  sizes  (TPD)1 

of  direct-solvent  cottonseed  oil  mills,  19^9-50 


Item 


Cost  of 
machin- 
ery 
unit 2 


Plant  1 
(40-65 
TPD) 


Unit 


Total 
cost 


Plant  2 
(75-125 
TPD) 


Unit 


Total 

cost 


Plant  3 

(150-250 

TPD) 


Unit 


Total 
cost 


Plant  4 

(225-375 

TPD) 


Unit 


Total 
cost 


Plant  5 

(300-500 

TPD) 


Unit 


Total 
cost 


Seed  bin — end  unit 

Auxiliary  equipment 

Seed  bin — center  unit 

Auxiliary  equipment 

Bollreel..'. 

Initial  auxiliary  equipment 

Auxiliary  equipment  for  each  reel 

Seed  cleaner 

Initial  auxiliary  equipment 

Auxiliary  equipment  foreach  cleaner. 

Linter 

Initial  auxiliary  equipment 

Auxiliary  equipment  for  each  linter. 

Saw-sharpening  machine 

Motes-reclaiming  system 

Initial  auxiliary  equipment 

Grabbots-reclaiming  system 

Initial  auxiliary  equipment 

Scalping  shaker  (2  tray) : 

48  inches  wide 

Auxiliary    equipment     for    each 
shaker 
Huller  and  shaker: 

36-inch   wide  huller  and  48-inch 

wide  shaker 

48-inch  wide  huller  and  54-inch 

wide  shaker 

Initial  auxiliary  equipment 

Auxiliary  equipment  for  each  huller 

and  shaker 

Hull  beater — double  drum 

Initial  auxiliary  equipment 

Auxiliary  equipment  for  each  beater . 
Purifier : 

36  inch 

54  inches 

Auxiliary    equipment     for    each 

purifier 

Hull  and  seed  separator 

Initial  auxiliary  equipment  J 

Auxiliary    equipment     for    each 
separator 


Drive     for     hulling    and     separating 
machinery: 

75  horseprower 

100  horsepower 

1 25  horsepower 

150  horsepower 

Flaking  roll: 

Small 

Large 

Conditioner: 

3-ring  high,  56-inch  diameter 

3-ring  high,  72-inch  diameter 

4-ring  high,  72-inch  diameter.  __ 
6-ring  high,  72-inch  diameter... 
6-ring  high,  85-inch  diameter 


Cost  of  machinery  and  equip- 
ment (total) 


Dollars 
2,463 

4,  792 

1,  176 
908 

3,213 

5,  730 
1,305 
3,  957 

2,  836 
1,861 
2,020 

911 

2,  178 
3,928 
1,  794 
1,676 

3,  725 
478 

1,332 

3,569 


4,  157 

4,439 
753 

2,  388 

2,  917 

606 

1,263 

1,  909 
2,003 

2,  907 
1,325 
2,  172 

1,384 


2,  944 
3,859 
4,  521 
5,005 

11,418 
16,  272 

12,055 
14,013 
15, 482 
18,  867 
21,  457 


No. 
1 

1 


Dollars 
2,  463 

4,  792 


1 

3,  213 

1 

5,730 

1 

1,  305 

1 

3,  957 

1 

2,836 

1 

1,861 

10 

20,  200 

1 

911 

10 

21,  780 

1 

3,928 

1 

1,794 

1 

1,676 

1,332 
3,  565 


4,  157 


No. 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 

20 
1 

20 
2 
1 
1 
1 
1 

1 
1 


Dollars 
2,463 

4,  792 
1,  176 

908 
3,213 

5,  730 
1,  305 
7,914 
2,836 
3,  722 

40,  400 

911 

43,  560 

7,  856 

1,  794 

1,676 

3,  725 

478 

1,332 

3,569 


8,314 


No. 
1 
1 
3 
3 
2 
1 
2 
3 
1 
3 

40 
1 

40 
4 
1 
1 
1 
1 

1 
1 


Dollars 
2,463 

4,  792 
3,  528 
2,  724 
6,426 

5,  730 


2,610 

11,871 

2,836 

5,583 

80,  800 

911 

87,  120 

15,  712 

1,  794 

1,  676 

3,  725 

478 

1,332 
3,  569 


No. 
1 
1 
4 
4 
4 
2 
4 
4 
2 
4 

60 
2 

60 
6 
2 
1 
2 
1 

2 
2 


Dollars 
2,463 
4,  792 

4,  704 
3,632 

12,  852 

11,460 

5,220 

15,  828 

5,  672 
7,444 

121,  200 

1,  822 

130,  680 

23,  568 

3,  588 

1,  676 

7,450 

478 

2,664 

7,  138 


No. 
1 
1 
4 
4 
4 
2 
4 
6 
2 
6 

80 
2 

80 
8 
2 
1 

2 
1 

2 
2 


753 

2,  388 

2,  917 

606 

1,  263 


753 

4,  776 

2,  917 

606 

1,  263 

1,909 


13,  317 
753 

7,  164 

5,  834 

606 

2,  526 


1,  325 

2,  172 

1,384 


2,944 


2,  907 
2,650 
2,  172 

2,  768 


2,  003 

2,  907 

3,  975 
2,  172 

4,  152 


17,756 
1,  506 

9,552 

11,  668 

1,212 

5,052 

3,818 


5,  814 
5,  300 
4,  344 

5,536 


4,521 


5,005 


9,  042 


11,418 
12,  055 


16,  272 


32,  544 


48,  816 


14,013 


15,  482 


18,  867 


124,  729 


205,  201 


344,  120 


522,614 


Dollars 
2,463 
4,  792 

4,  704 
3,632 

12,  852 
11,460 

5,  220 
23,  742 

5,672 

11,  166 

161,  600 

1,  822 

174,  240 

31,  424 

3,  588 

1,  676 

7,  450 

478 

2,664 

7,  138 


26,  634 
1,506 

14,  328 

11,668 

1,212 

5,052 


4,006 

5,  814 
7,950 
4,  344 

8,304 


10,010 


65,  088 


21,  457 


665,  156 


See  footnotes  at  end  of  table. 
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Table  12. — Investment  requirements  jor  mechanical  pretreatment  departments  for  different  sizes  (TPD)1 

of  direct-solvent  cottonseed  oil  mills,  1949-50 — Continued 


Item 

Cost  of 
machin- 
ery 

unit  * 

Plant  1 
(40-65 
TPD) 

Plant  2 
(75-125 
TPD) 

Plant  3 

(150-250 

TPD) 

Plant  4 

(225-375 

TPD) 

Plant  5 

(300-500 

TPD) 

Unit 

Total 
cost 

Unit 

Total 
cost 

Unit 

Total 
cost 

Unit 

Total 
cost 

Unit 

Total 
cost 

Delivered 

Dollars 

No. 

Dollars 

100,  120 

24,  609 

No. 

Dollars 

164,  432 

40,  769 

No. 

Dollars 

276,  124 

67,  996 

No. 

Dollars 
419,  500 
103,  114 

No. 

Dollars 
533,  973 

Installation 

131,  183 

Cost  of  building  (total^ 

23,  823 



32,  781 



50,  738 



78,  272 



92,  150 

Materials 

17,  899 
5,  924 



25,  092 

7,  689 



39,  479 . 
11, 259 

::-:: 

61,  296 
16,  976 

72,  424 

Construction _              _    _ 

19,  726 

Automatic  sprinkler 

\ 

5,432 



6,706 



8,  694 

— 

11,625 



13,  634 

Total  cost  of  building  and  machinery 
at: 

Memphis,  Tenn 

153,  984 

154,  295 
154,  074 

156,  676 

157,  298 



244,  688 

245,  198 
244,  835 
249,  110 
250, 130 



403,  552 

403,  828 

4 04,  988 

412,  636 

413,  714 

— 

612,511 
612,  763 
614,  945 

626,  648 
628,  074 



770,  940 

Atlanta,  Ga 

771,261 

Dallas,  Tex 

774,  037 

Phoenix,  Ariz__ 

788,  935 

Bakersfield,  Calif 

790,  750 

1  Tons  per  day. 

2  From  table  9. 


Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 


BALING-PRESS  ROOM 

The  baling-press  department  presses  into  bales 
three  types  of  fibrous  materials  (grabbots,  linters, 
and  motes)  which  are  received  simultaneously  from 
the  mechanical  pre  treatment  department. 

Equipment  Units 

This  department  includes  the  baling  press,  and 
linters  bins. 

Baling  Press.  This  machine  compresses  the 
linters  into  bales  which  can  be  conveniently  han- 
dled and  stored.  While  linters  are  being  packed 
into  1  of  the  2  boxes  of  a  double  box  press,  the 
linters  in  the  other  box  are  being  compressed  and 
fitted  with  burlap  wrapping  and  metal  ties  to  form 
a  bale. 

In  calculating  the  operating  rates  of  the  baling 
press,  the  following  yields  of  linters  products  per 
ton  of  seed  were  assumed:  First-cut  linters,  40 
pounds;  second-cut  linters,  160  pounds;  motes  and 
grabbots,  10  pounds.  The  normal  rate  for  the 
baling  press  was  assumed  to  be  2.5  bales  per  hour, 
which  then  gave  a  maximum  of  3.1  bales  per  hour 
and  a  minimum  of  1.5  bales.  The  average  weight 
of  linters  products  per  bale  was  assumed  to  be  625 
pounds. 

Under  these  assumptions  the  maximum  baling 
rate  is  46,500  (625  X  3.1  X  24)  pounds  per  day  and 
this  rate  in  terms  of  seed  processed  is  222  tons  per 

day  (      '     -  V     The  normal  rate  is  178   tons  of 

seed  per  day  and  the  minimum  rate  is  133  tons. 


ms^KJ^W. 


Wm 

■  f :f    :               I                                                          i 

Figure  29. — Double-box  linter-baling  press. 

Linters  Bins.  Two  types  of  linters  are  received 
from  the  linter  room — first  cut  and  second  cut. 
Each  cut  must  be  deposited  in  a  different  bin.  As 
a  consequence,  2  types  of  linters  bins  are  commonly 
used  in  mills,  one  a  single  product  linters  bin  and 
the  other  a  dual  product  linters  bin.     The  dual 
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BU/LDIN6  FOR  80  TPD  MILL-20'x30' 


Grabbots  Bin 
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SCALE 


BUILDING  FOR  360-400  TPD  MILL,  20'X50' 
Fioure  30. — Baling-press  department  of  cottonseed  oil  mills. 
Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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product  bin  makes  it  possible  to  operate  with  only 
1  baling  press  in  some  mills  where  otherwise  2 
would  be  required.  It  was  designed  with  a  ver- 
tical partition  dividing  the  bin  into  2  compart- 
ments— 1  for  first-cut  and  f  for  second-cut  linters. 
The  linters  are  conveyed  from  the  compartments 
to  the  baling  press  by  screw  conveyors,  running 


lengthwise  of  the  bin  underneath  horizontal  slide 
gates  which  form  the  bottoms  of  the  compartments. 
The  linters  from  one  of  the  compartments  at  a 
time  can  be  conveyed  into  the  baling  press. 

The  dual-product  bin  unit  appearing  as  an  item 
in  table  13  was  the  smallest  bin  considered,  6  feet 
wide,  7  feet  deep,  and  6  feet  long.     An  auxiliary 


Table  13. — Description  and  costs 


>f  machinery  and  equipment  units  in  baling-press  departments  of  cotton- 
seed oil  mills,  1949-50 


Physical  description 

Unit  cost  1 

Machinery  and  equipment 

Approx- 
imate 
ship- 
ping 

weight 

Allo- 
cated 
build- 
ing 
space 

Capacity  (operating  rates 
in  tons  of  seed  crushed 
per  24  hours) 

Deliv- 
ered 

Instal- 
lation 

Total 

Mini- 
mum 

Normal 

Maxi- 
mum 

Baling  press — double  box        _                _    _    . 

Pounds 

24,  600 

3,  541 

1,  613 

4,433 

7,  698 

314 

892 

Sq.  ft. 
200 
400 

Tons 
133 

Tons 

178 

Tons 
222 

Dollars 

7,  879 

2,  166 

654 

2,  235 

2,  988 

63 

68 

Dollars 
1,  480 
679 
575 
883 
489 
12 
205 

Dollars 
9,  359 

Auxiliary  equipment  for  first  press 
Auxiliary  equipment  for  second  press 

2,  845 

1,  229 

Auxiliary  equipment  for  third  press 

3,  118 

Dual  product  linters  bin  (6x6x7  feet) 

3,  477 

Additional  foot  in  length 

75 

Single  product  linters  bin 

273 

1  Memphis,  Tenn.,  was  used  as  the  price  basing  point." 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 


unit  provided  for  increasing  the  length  of  the  bin 
by  increments  of  1  foot.  Thus,  the  size  of  the  bin 
was  increased  to  take  care  of  the  increased  linters- 
holding  capacity  required  as  the  sizes  of  the  mills 
increased. 

Baling-Press  Room  Design 

As  illustrated  in  figures  24,  25,  and  26,  the 
baling-press  room  was  located  alongside  the  linters 
room,  only  a  firewall  separating  the  two  buildings. 
Figure  30  illustrates  the  floor  design  and  machine 
arrangements  in  relatively  small  mills  where  only 
one  baling  press  and  a  dual  product  linters  bin  were 
required.  The  same  figure  illustrates  the  prin- 
ciples of  design  of  larger  mills  where  more  than 
one  baling  press  was  required.  All  changes  hi  de- 
sign were  due  entirely  to  changes  in  size  of  plant, 
the  type  of  plant  having  no  effect  in  this  respect. 

Investment  Requirements 

Machinery  and  equipment  units  and  investment 
requirements  of  baling-press  departments  of  vari- 
ous cottonseed  mills  are  summarized  in  tables  13 
through  15. 


Table  14. — Description  and  costs  of  different  sizes 
of  baling-press  buildings  for  cottonseed  oil  mills, 
1949-50 


Building  size  and  corresponding  mills 

Area 

Cost  i 

20-  by  30-foot  building    . 

Sq.  ft. 
600 

800 

1,  000 

Dollars 
7,  010 

(4  to  16  press  hydraulic  plants,  1  to 
6  press  screw  press  plants,  direct 
solvent,  plants  1  and  2,  prepress 
solvent,  plants  1,  2,  and  3.) 
20-  by  40-foot  building' 

8,  390 

(18  to  32  press  hydraulic  plants,  7  to 
12. press  screw  press  plants,  direct 
solvent,  plants  3  and  4,  prepress 
solvent,  plant  4.) 

20-  by  50-foot  building 

(36  to  40  press  hydraulic  plants,  14 
to  16  press  screw  press  plants,  di- 
rect solvent,  plant  5,  prepress  sol- 
vent, plant  5.) 

9,  770 

1  Memphis,  Tenn.,  was  used  as  the  price  basing  point. 

Source:   Data   obtained   through   contract   under    Agri- 
cultural Marketing  Act  of  1946  (RMA,  Title  II). 
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OIL-EXTRACTION  DEPARTMENT 

The  oil-extraction  departments  of  different 
types  of  mills  differed  radically  in  the  extent  to 
which  they  could  be  broken  down  into  small  cost- 
units.  Mainly  for  this  reason,  it  was  most  con- 
venient to  consider  screw-press  mills  first,  hydrau- 
lic mills  second,  prepress-solvent  mills  third,  and 
direct-solvent  mills  last.  For  the  same  reason,  a 
somewhat  different  order  of  subtopics  was  used  in 
analyzing  the  extraction  department  of  each  type 
of  mill. 

Screw-Press  Mills 

The  extraction  departments  of  screw-press  mills 
may  be  described  most  readily  in  terms  of  the  flow 
of  materials,  equipment  units,  principles  of  design, 
building  requirements,  and  investment. 

Flow  of  Materials.  In  screw-press  mills, 
rolled  meats  enter  the  press  room  by  screw  con- 
veyor from  the  mechanical  pretreatment  depart- 
ment. An  elevator  lifts  them  into  another 
conve3"or  running  over  the  tops  of  the  cookers 
and  feeding  into  them.  The  cookers  may  be  in 
the  form  of  a  stack  of  kettles  like  the  condi- 
'  tioner  or  they  may  be  in  the  form  of  a  number  of 
cylindrical  vessels  with  their  axes  in  horizontal 
planes,  and  situated  one  over  the  other  so  that 
material  passes  through  the  group  in  a  series. 
Agitation  is  accomplished  by  mixers  mounted  on 
shafts  passing  through  the  axes  of  the  cylinders. 
After  cooking,  the  meats  are  fed  into  the  screw 
presses.  Individual  cookers  are  often  provided 
with  each  screw  press,  and  this  design  was  followed 
for  this  study,  as  it  fitted  in  with  the  unit  system 
of  combining  the  costs. 

Cooked  meats  are  fed  into  the  screw  press,  which 
conveys  the  material  from  the  inlet  to  the  dis- 
charge of  the  press  whfle  subjecting  the  meats  to 
high  pressure  which  squeezes  the  oil  out  through 
the  openings  between  the  bars. 

The  extracted  oil  flows  into  a  screw  conveyor 
running  along  the  backs  of  the  presses,  which 
carries  the  oil  and  any  solid  particles  which  might 
have  been  squeezed  out  by  the  presses  along  with 
the  oil.  The  oil  conveyor  discharges  into  a 
screenings  tank  which  is  set  into  a  pit  in  the  floor 
to  allow  oil  to  flow  into  it  without  being  pumped. 
In  the  screenings  tank,  the  coarse  solids  settle  out 
of  the  oil  and  are  lifted  mechanically  onto  a  screen 
which  allows  excess  oil  to  drain  from  the  solids. 
Such  solids  are  discharged  into  the  meats  going 
to  the  cookers  and  are  thus  re-pressed.  The  oil 
is  pumped  through  a  filter  press  and  into  a  holding 
tank  from  which  it  is  periodically  pumped  to  the 
storage  tanks.  The  solids,  filtered  out  in  the 
filter  press,  are  also  fed  back  into  the  flow  of  meats 
to  the  presses  and  are  re-pressed. 

The  cake  from  the  presses  is  conveyed  to  a  cake 
breaker,  which  reduces  it  in  size.  It  is  then  con- 
veyed to  the  cake  bins.  On  the  way,  it  may  have 
water  sprayed  on  it  in  the  conveyor  to  increase  its 
moisture  content  and  cool  it.     If  water  is  sprayed 
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on  it,  the  vapor  generated  is  aspirated  off  with  a 
fan. 

Equipment  Units,  Oil-extraction  machinery 
and  equipment  of  screw-press  mills  were  grouped 
into  four  main  units:  screw  press,  oil-handling 
equipment,  filter  press,  and  auxiliary  equipment. 

Screw-press  unit.  A  screw  press  is  a  machine 
with  either  a  horizontal  and  a  vertical  screw  or 
merely  a  horizontal  screw  moving  within  cages 
made  of  closely  spaced  steel  bars.  Besides  the 
press  itself,  the  screw-press  unit  includes  the 
cooker,  foundation  concrete  and  supporting  steel 
for  the  press  and  its  accessories,  screw  conveyor 
associated  with  each  press  for  carrying  meats,  oil, 
and  cake,  piping,  and  miscellaneous  small  items. 


Figure  31. — Screw  press. 


A; 


Figure  32. — Screw  press. 


A  great  deal  of  frictional  heat  is  developed  in  a 
screw  press,  some  of  which  must  be  removed  by  a 
cooling  system.  To  effect  economy  in  the  use  of 
water,  cooling  towers  were  provided  in  all  mills  to 
dissipate  tbe  heat  removed  from  the  presses  by 
•  the  cooling  system.  The  cooling  system  and 
cooling  tower  costs  were  divided  into  a  cost  per 
press  and  a  base  cost  which  was  added  to  the  cost 
of  auxiliary  equipment  units. 

Oil-handling  equipment.  The  oil-handling  equip- 
ment unit  includes  a  screenings  tank,  pit,  holding 
tanks  for  unfiltered  and  filtered  oil,  pumps  for 
transferring  oil  through  all  its  various  treatments, 
including  filtering  and  final  pumping  to  storage, 
motors,  and  electrical  accessories  to  operate  all  of 
the  equipment. 

Filter-press  units.  The  principal  items  in  the 
filter-press  unit  are  the  filter  press  and  the  cake 
hopper,  with  a  feeder  mechanism  for  feeding  cake 
into-  the  meats  conveyor. 

Auxiliary  equipment.  Auxiliary  equipment  in- 
cludes bucket  elevators  to  lift  cake  into  the  cake 
breaker,  cake  breaker,  cake  conveyor  to  storage 
bins,  aspiration  system  for  cracked-cake  conveyor, 
meats  runaround  bin  and  feeder,  condensate  tank, 
and  all  miscellaneous  items  which  would  not  fit 
into  the  other  units. 

Because  of  the  large  electrical  power  require- 
ments of  the  screw-press  department,  the  cost  of 
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Fk.cre  33. — Filter  press  for  filtering  oil. 

wiring  and  poles  to  cany  the  power  from  the  sub- 
station is  shown  as  a  separate  item  in  footnote  3 
of  table  18. 

Principles  of  Design.  As  indicated  by  figures 
35  and  36,  a  radical  change  in  press-room  design 
was  made,  beginning  with  four-press  mills.  Only 
a  single  line  of  presses  was  used  for  smaller  mills 
and  a  double  line  for  four-press  and  larger  mills. 
This  change  in  design  made  possible  the  better 
utilization  of  floor  space. 

The  connecting  conveyor  was  different  for  a 
single-  and  a  double-line  press  layout,  the  double 
line  requiring  two  conveyor  units.  Also,  mills 
with  less  than  four  presses  received  meats  from  a 
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Figure  34. — Sketch  of  conveyors,  screenings  tank,  and  filter  press  for  screw-press  oil-extraction  process. 
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Figure  35. — Oil-extraction  department  of  a  screw-press  cottonseed  oil  mill  designed  to  process  from  25  to  75  tons  of  seed 

per  day. 


Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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Table  16. — Description  and  cost  of  machinery  and  equipment  units  in  oil-extraction  departments  of  screw- 
press  cottonseed  oil  mills,  at  specified  locations,  194-9-50 


Machinery  and  equipment 


Physical  descrip- 
tion 


Approx- 
imate 
weight 


Allo- 
cated 
building 
space 


Unit  cost 


Deliv- 
ered ! 


Installa- 
tion 


Total  at- 


Mem- 

phis, 

Tenn.2 


Atlanta, 
Ga. 


Dallas, 
Tex. 


Phoenix- 
Ariz. 


Bakers- 
field, 
Calif. 


Screw  press  and  auxiliary  equip 
ment 3 

Connecting  conveyor  for — 

1  to  3  presses 

4  to  16  presses 

Auxiliary  equipment  for — 

1  to  4  screw  presses. 

5  to  8  screw  presses 

9  to  16  screw  presses 

Filter  press : 

24  inch 

36  inch 

42  inch 

Oil  handling  equipment  for — 

1  to  3  screw  presses 

4  to  8  screw  presses 

9  to  16  screw  presses 


Pounds 
48,  324 

6,  160 

14,  536 

13,  027 
13,  911 
15,217 

9,  660 
25,  771 
37,  340 

12,  749 

15,  895 
24,  054 


Sq.  ft. 
213 


450 
450 
450 

65 
160 
200 

270 

270 
342 


Dollars 
23,  464 

3,  594 

8,487 

6,  567 

6,817 

7,  970 

2,062 

4,  139 

5,  503 

7,  414 

9,  965 

13,  843 


Dollars 
5,098 

1,  023 
2,304 

2,  423 
2,  575 
2,  821 

534 

954 

1,289 

1,  786 

2,  319 

3,  240 


Dollars 
28,  562 

4,  617 
10,  791 

8,  990 

9,  392 
10,  791 

2,596 

5,  093 
6,792 

9,200 
12,  284 
17,  083 


Dollars 
28,  527 

4,  617 
10,  791 

9,002 

9,  403 

10,  803 

2,  651 
5,259 
6,  920 

9,206 
12,  290 

17,  088 


Dollars 
28,  899 

4,  617 
10,  791 

9,045 

9,447 
10,  852 

2,  707 

5,  429 
7,071 

9,  243 
12,  345 
17,  193 


Dollars 
29,  472 

4,617 
10,  791 

9,  166 

9,  568 

10,  980 

2,  896 
5,  991 
7,681 

9,  325 

12,  458 
17,  390 


Dollars 
29,  472 

4,  617 
10,  791 

9,  178 

9,  580 

10,  992 

2,  910 

6,  024 

7,  703 

9,325 

12,  458 
17,  390 


1  Memphis,  Tenn. 

2  Memphis,  Tenn.,  was  used  as  the  price  basing  point  for 
individual  items.  Differences  from  the  Memphis  totals  at 
the  other  price  basing  points  were  owing  to  differences  in 
delivered  cost  of  machinery. 


3  Capacity  (operating  rates  in  seed  crushed  per  24  hours) : 
Minimum,  20  tons;  normal,  25  tons;  maximum,  35  tons. 

Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 


Table  17. — Description  and  costs  of  building  re- 
quirements in  oil-extraction  departments  of  dif- 
ferent sizes  of  screw-press  cottonseed  oil  mills, 
'1949-50 


Description 

Size  of 

mill 
(num- 

Length 

Width 

Area 

Total 
Cost 

ber  of 
presses) 

Total 

Allocated 
to  ma- 

chines 

Feet 

Feet 

Sq.  ft. 

Percent 

Dollars 

1 - 

20 

50 

1,  000 

99 

9,  139 

9 

40 

50 

2,  000 

65 

13,271 

3 

40 

50 

2,000 

76 

13,  274 

4 

40 

50 

2,000 

87 

13,  277 

5 

40 

50 

2,000 

97 

12,  769 

6 

60 

50 

3,000 

73 

16,  904 

7 

60 

50 

3,000 

80 

16,  906 

8 

60 

50 

3,  000 

87 

17,  420 

10 

80 

50 

4,  000 

81 

21,  558 

12 

80 

50 

4,  000 

94 

21,  568 

14 

100 

50 

5,  000 

83 

25,  195 

16 

100 

50 

5,000 

92 

25,  709 

Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 


single  instead  of  a  dual  layout  of  hulling,  separat- 
ing, and  rolling  machinery  in  the  mechanical  pre- 
treatment  department.  Moreover,  such  mills 
have  1  instead  of  2  filter  presses,  a  smaUer  screen- 
ing tank,  and  fewer  pumps  than  mills  with  from 
4  to  10  presses.  Otherwise,  the  same  machinery 
layouts  were  used  in  mills  with  1  to  3  presses  as  in 
those  with  4  to  10  presses. 

Building  Requirements.  The  oil-extraction 
department  of  a  screw-press  mill  was  housed  in  a 
section  of  the  mill  building.  These  housing  re- 
quirements for  different  sizes  of  screw-press  mills 
are  shown  in  table  17. 

Investment  Requirements.  Description  and 
costs  of  machinery  and  equipment  units  for  screw- 
press  mills  are  shown  in  table  16. 

Similar  descriptions  and  costs  of  the  oil-extrac- 
tion sections  of  the  mill  building  are  shown  in  table 
17.  By  combining  this  information,  table  18 
shows  the  1949-50  investment  requirements  for 
the  oil-extraction  departments  of  different  sizes  of 
screw-press  mills. 

Hydraulic  Mills 

Except  for  a  special  section  on  building  require- 
ments, the  same  order  of  topics  is  used  in  describing 
the  oil-extraction  departments  of  hydraulic  mills  as 
for  screw-press 'mills. 
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Flow  op  Materials.  In  the  hydraulic  mills, 
the  rolled  meats  are  conveyed  from  the  mechanical 
pretreatment  department  to  a  cooker  in  the  oil- 
extraction  department  where  they  are  heated  and 
dried  for  approximately  90  minutes.  After  cook- 
ing, a  cake  former  shapes  the  meats  into  flat,  rec- 
tangular cakes  which  are  wrapped  with  heavy 
hah,  wool,  or  nylon  cloths  over  both  flat  sides  and 
2  of  the  4  edges.  The  cakes  are  then  placed  in 
hydraulic  presses  which  squeeze  out  the  oil,  leaving 
hard  cakes  from  which  the  cloths  are  stripped  by  a 
stripper.     The  soft,  oily  ends  of  the  cake  may  then 


be  cut  off  in  a  trimmer  or  the  cakes  may  go  directly 
to  the  cake  department  for  further  processing. 
If  the  cakes  are  trimmed,  the  trimmed  material  is 
returned  to  the  cooker  for  reprocessing  to  increase 
the  overall  recovery  of  oil.  Trimmed  or  un trim- 
med hard  cake  may  be  stored  as  such  or  broken 
into  small  pieces  in.  a  cake  breaker,  which  enables 
the  cake  to  be  conveyed  by  screw  conveyors  to 
storage  bins,  and  later  to  grinding  mills.  Both 
cake  formers  and  presses  are  operated  by  mecha- 
nisms with  hydraulic  pumps  and  accumulators 
supplying  oil  under  pressure. 
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Figuee  37. — Oil  extraction  apartment  of  a  hydraulic  cottonseed  oil  mill  designed  to  process  from  40  to  100  tons  of  seed  per  day. 
Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946   (RMA,  Title  II). 
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Figure  39. — Oil  extraction  department  of  a  hydraulic  cottonseed  oil  mill  designed  to  process  from  280  to  400  tons  of  Beed  per  day 
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Principles  of  Design.  The  general  layout  of 
all  hydraulic  press-room  equipment  .units  was  eon- 
trolled  by  the  number  of  cookers  used.  A  single 
cooker  unit  accommodated  from  4  to  12  presses. 
Where  only  4  presses  were  used,  they  were  located 
in  a  row  to  the  left  of  the  cake  former,  as  indicated 
in  figure  37.  As  additional  presses  were  added. 
they  were  placed  in  a  row  directly  in  front  of  the 
cooker. 

Where  two  cookers  were  used,  they  were  placed 
in  a  line,  as  indicated  in  figure  38  and  the  presses 
were  placed  in  a  double  line,  one  on  each  side  of  the 
row  of  cookers.  The  four-cooker  press  room  was 
designed  by  extending  the  single  line  of  cookers, 
with  the  double  line  of  presses  on  each  side,  as 
shown  in  figure  39. 

Investment  Requirements.  The  principal 
items  of  equipment  in  a  hydraulic  press  room  are 
the  cookers  and  the  presses.  The  cooker  is  essen- 
tially the  same  as  the  conditioner,  described  in 
connection  with  the  mechanical  pretreatment 
department. 

The  hydraulic  press  is  a  machine  with  about 
15  boxes  or  spaces  to  hold  wrapped  cakes  of 
cooked  meats,  arranged  in  a  vertical  stack.  The 
bottom  of  one  box  is  the  top  of  the  box  underneath 
it.  The  bottoms  of  the  boxes  move  up  when  oil 
from  the  hydraulic  system  is  admitted  to  the  hy- 
draulic ram  of  the  press.  Thus,  the  stack  of  15 
cakes  is  pressed  together  and  the  oil  runs  out 
of  the  cakes. 

Because  hydraulic  oil-extraction  equipment  did 
not  lend  itself  to  grouping  into  small  items  as  in 
the  mechanical  pretreatment  department,  cost 
units  were  developed  for  (-1)  9  complete  press 
rooms,  based  on  different  numbers  and  sizes  of 
cookers,  and  (2)  1  "additional  press,"  as  shown 
in  table  19.  The  press  room  units  included  all  of 
the  machinery  required  to  serve  the  different 
numbers  of  cookers  and  the  minimum  even  num- 
ber of  hydraulic  presses  which  would  be  necessary 
to  provide  a  uniform  increase  in  capacity  without 
increasing  the  size  of  the  press  room.  For 
example,  16  presses  operating  at  14  tons  per  press 
are  the  maximum  even  number  that  can  be  served 
by  two  4-high,  85-inch  cookers.  Consequently, 
18  presses  would  require  the  next  larger  press 
room  having  two  5-high,  85-inch  cookers. 

The  press  room  required  even  bays  in  the  build- 
ing because  the  basement  costs  were  made  up  to 
fit  complete  bays.  However,  as  inspection  of 
figures  37,  38,  and  39  shows,  the  equipment 
arranged  itself  to  fill  complete  bays  satisfactorily. 
No  building  space  was  assigned  to  hydraulic 
presses  because  the  building  requirements  of  the 
various  press  rooms  were  determined  by  the  num- 
bers of  cookers  and  the  necessity  of  using  complete 
building  bays,  rather  than  by  the  number  of 
presses. 


Figure  40. — 15-box  hydraulic  press. 

As  shown  in  table  20,  the  investment  require- 
ment of  the  oil-extraction  department  of  any 
hydraulic  mill  may  be  derived,  from  appropriate 
combinations  of  the  press  room  units  and  "one 
additional  press,"  shown  in  table  19.  For  ex- 
ample, the  investment  requirement  of  the  extrac- 
tion department  of  a  16-press  mill  (table  20)  is  the 
cost  of  a  14-press  unit  plus  the  cost  of  2  additional 
presses  as  shown  in  table  19. 
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Table  19.— Description  and  costs  of  specified  cooker-press  combinations  and  building  requirements  for  oil- 
extraction  departments  of  hydraulic  cottonseed  oil  mills,  1949-50 


Combination  of  cooker  and  corre- 
sponding minimum  even  number 
of  presses 


Cooker 


Ring 


Diam- 
eter 


Cooker-press  combination 


Approxi- 
mate 
weight 


Operating  rates  in  seed 
crushed  per  24  hours 


Mini- 
mum 


Nor- 
mal 


Maxi- 
mum 


Cost 


Deliv- 
ered ] 


Instal- 
lation 


Total 


1  cooker — 4  presses 

1  cooker — 6  presses 

1  cooker — 10  presses 

1  cooker — 12  presses 

2  cookers — 14  presses 

2  cookers — 18  presses 

2  cookers — 22  presses 

4  cookers — 26  presses 

4  cookers — 34  presses 

1  additional  press  (15  box). 


No. 

4 
4 
5 


Inches 
56 
85 
85 
85 
85 
85 
85 
85 


Pounds 
174,  333 
239,  977 
342,  932 
404,  167 
505,  574 
617,  460 
740,  251 
969,  705 
1,  193,  477 
23,  374 


Tons 

33 

69 

86 

106 

138 

172 

212 

276 

344 


Tons 

44 

92 

114 

141 

184 

228 

282 

368 

456 

10 


Tons 
55 
115 
143 
176 
230 
286 
352 
460 
572 
14 


Dollars 

59,  471 

77,  485 

100,  514 

113,  708 

155,  502 

180,  856 

207,  198 

300,  703 

351,  410 

5,  165 


Dollars 
13,  807 
17,  771 
22,  985 
25,  974 
34,  815 
41,  163 
47,  133 
67,  215 
79, 912 
1,  173 


Dollars 

73,  278 

95,  256 

123,  499 

139,  682 

190,  317 

222,  019 

254,  331 

367,  918 

431,  322 

6,338 


Combination  of  cooker  and  corresponding  minimum 
even  number  of  presses 


Building; 


Length 


Width 


Area 


Cost 


Deliv- 
ered 


Con- 
struction 


Total 


Total 
cost l 


1  cooker- 
1  cooker- 
1  cooker- 

1  cooker- 

2  cookers 
2  cookers 
2  cookers 
4  cookers 
4  cookers 
1  addition 


4  presses 

6  presses 

10  presses 

12  presses 

-14  presses 

-18  presses 

-22  presses 

-26  presses 

-34  presses 

al  press  (15  box) . 


Feet 
40 
40 
40 
40 
60 
60 
60 
120 
120 


Feet 
50 
50 
50 
50 
50 
50 
50 
50 
50 


Sq.  ft. 
2,000 
2,000 
2,000 
2,000 
3,000 
3,000 
3,000 
6,000 
6,000 


Dollars 
11,  132 
11,  146 
11,  172 

10,  738 
14,  855 
14,  877 
14,  947 

27,  933 

28,  057 


Dollars 
7,409 
7,409 
7,411 
7,  358 
9,833 
9,834 
9,838 
17,  327 
17,  333 


Dollars 
18,  541 
18,  555 
18,  583 
18,  096 
24,  688 
24,  711 
24,  785 
45,  260 
45,  390 


Dollars 

91,  819 
113,  811 
142,  082 
157,  778 
215,  005 
246,  730 
279,  116 
413,  178 
476,  712 
6,  338 


1  Memphis,  Tenn.     This  location  was  used  as  the  price  basing  point. 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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Table  20. — Investment  requirements  for  oil-extraction  departments  of  different  sizes  of  hydraulic  cottonseed 

oil  mills  at  specified  locations,  1949-50 


Size  of  mill 

Cooker 
press    com- 
bination 1 

Additional 
presses  to 

cooker 
press    com- 
bination ' 

Building- 
section 

Automatic 
sprinklers 

Total  cost  at — 

(number  of 
presses) 

Memphis, 
Term.2 

Atlanta, 
Ga. 

Dallas, 
Tex. 

Phoenix, 
Ariz. 

Bakersfield, 

Calif. 

4 

Dollars 
73,  278 
95,  256 
95,  256 
123,  499 
139,  682 
190,  317 
190,  317 
222,  019 
222,  019 
254,  331 
254,  331 
367,  918 
367,  918 
367,  918 
431,  322 
431,322 

Dollars 

Dollars 
18,  541 
18,  555 
18,  569 
18,  583 
18,  096 
24,  688 
24,  688 
24,  711 
24,  734 

24,  785 

25,  321 
45,  260 
45,  260 
45,  303 
45,  390 
45,  474 

Dollars 
1,730 
1,730 
1,730 
1,  730 

1,  730 
2,437 
2,437 

2,  437 
2,  437 
2,437 
2,437 
4,  518 
4,  518 
4,  518 
4,518 
4,518 

Dollars 
93,  549 
115,  541 
128,  231 
143,  812 
159,  508 
217,  442 
230,  118 
249,  167 
261,  866 
281,  553 
294,  765 
430,  372 
443,  048 
455,  767 
493,  906 
519, 342 

Dollars 
93,  441 
115,  383 
128,  035 
143,  573 
159,  220 
217,  085 
229,  723 
248,  722 
261,  382 
281,  012 
294,  185 
429,  657 
442,  295 
454,  977 
493,  015 
518,  375 

Dollars 
94,  715 
117,  189 
130,  230 
146,  234 
162,  388 
221,  020 
234,  048 
253,  588 
266,  638 
286,  893 
300,  456 
437,  528 
450,  556 
463,  627 
502,  748 
528,  887 

Dollars 
97, 621 
121,  306 
135,  234 
152, -295- 
169,  603 
229, 992 
243,  906 
264,  675 
278,612 
300,  287 
314,  737 
455,  471 
469,  365 
483,  342 
524,  923 
552,  835 

Dollars 
97,  621 

6 

121,  306 

8  -        

12,  676 

135,  234 

10- 

12 

152,"  ■295 
169,  603 

14 

229,  992 

16 

12,  676 

243,  906 

18 

264,  675 

20 

12,  676 

278,  612 

22 

300,  287 

24 

12,  676 
12,  676 
25,  352 
38,  028 
12,  676 
38,  028 

314,  737 

28  _ 

455,  471 

30-. 

469,  365 

32 

483,  342 

36 

40 

524,  923 
552,  835 

1  From  table  19. 

2  Memphis,  Term.,  was  used  as  the  price  basing  point  for  individual  items.    Differences  from  the  Memphis  totals  at  the 
other  price  basing  points  were  owing  to  differences  in  delivered  cost  of  machinery. 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 


Figure  41. — High-  and  low-pressure  hydraulic  pump. 


Figure  42. — Accumulators  for  hydraulic  pressure  system 
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Figure  43. — Hydraulic  cake  former. 


Figure  44. — Trimmer  for  hydraulic-pressed  cake. 


Figure  45. — Stripper  for  removing  cloths  from  hydraulic- 
pressed  cakes. 

Prepress-Solvent  Mills 

As  previously  stated,  the  oil-extraction  depart- 
ment of  prepress-solvent  mills  includes  a  prepress 
section,  housed  in  the  mill  building,  and  a  solvent 
extraction  section  located  outside  this  building 
(fig.  48).  For  this  reason,  substantially  the 
same  subtopics  may  be  used  for  describing  pre- 
press-solvent extraction  departments  as  for  screw- 
press  mills. 

Flow  of  Materials.  The  flow  of  materials  in 
the  prepress-solvent  process  is  illustrated  in  figure 


Figure  46. — Cake  breaker. 

47.  The  rolled  meats  from  the  mechanical  pre- 
treatment  department  are  first  cooked  and  pressed 
in  nearly  the  same  manner  as  in  the  screw-press 
process,  except  that  the  degree  of  pressing  is  less, 
and  about  10  percent  instead  of  4  percent  residual 
oil  is  left  in  the  cake. 

The  cake  from  the  prepresses  is  broken  into 
small  pieces  which  are  adjusted  in  moisture  and 
temperature,  and  are  rolled  into  flakes  by  flaking 
rolls.  From  the  cake  conveyor,  which  runs  in 
front  of  the  prepresses,  the  cake  is  elevated  into 
a  breaker.  From  the  breaker  the  cake  drops  into 
a  series  of  screw  conveyors.  Water  is  sprayed 
onto  the  cake  in  the  conveyors  to  cool  it  and 
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CAKE 
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EQUIPMENT 
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■ 
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r 
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Figure   47. — Flowsheet    of   oil-extraction   department    of 
prepress-solvent  cottonseed  oil  mills. 

Source:   Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (R1MA,  Title  II). 
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Figure  48. — Prepress  phase  of  oil-extraction  department  of  a  prepress-solvent  cottonseed  oil  mill  designed  to  process 

80  tons  of  seed  per  day. 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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increase  its  moisture  content.  Air  is  pulled 
through  the  conveyors  by  a  fan  to  aid  in  cooling 
the  cake  and  to  remove  the  vapor  formed  from 
the  water  that  is  added  to  the  hot  cake.  The 
screw  conveyor  operates  merely  as  a  device  to  mix 
the  cake  with  the  water  and  to  turn  it  while  it  is 
being  cooled  and  penetrated  by  the  water.  This 
operation  could  be  performed  in  a  number  of  other 
ways  with  different  types  of  equipment.  From 
the  conditioning  conveyors  the  cake  passes  into 
the  flaking  rolls.  The  flakes  are  then  conveyed 
to  the  solvent  extractor,  where  most  of  the  remain- 
ing oil  is  dissolved  from  the  flakes  by  solvent. 
The  solids  and  oil  both  are  then  desolventized  by 
vaporizing  the  solvent  with  steam  heat.  The  heat 
drives  the  vapor  into  water-cooled  condensers 
where  the  solvent  is  condensed  and  recovered. 


Principles  of  Design.  Increasing  the  size  of 
prepress-solvent  mills  resulted  in  only  one  impor- 
tant change  in  the  design  of  the  prepress  room. 
In  case  of  mills  having  from  1  to  3  prepresses, 
meats  were  received  through  only  1  conveyor 
from  a  single  layout  of  linters  in  the  mechanical 
pretreatment  department.  Under  this  circum- 
stance, the  pattern  of  machine  layouts  in  the 
prepress  room  is  as  indicated  in  figure  48.  For 
all  larger  mills,  meats  were  received  through  two 
conveyors  from  a  double  layout  of  linters,  and 
the  corresponding  changes  in  machine  layouts  in 
the  prepress  room  are  shown  in  figure  49. 

Equipment  Units.  Except  for  cake-prepara- 
tion units  and  flaking  rolls,  most  of  the  prepress 
equipment  of  the  prepress-solvent  department  is 
similar  to  that  for  the  screw-press  mills. 
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Figure  49. — Prepress  phase  of  oil-extraction  department  of  a  prepress-solvent  cottonseed  oil  mill  designed  to  process 

400  tons  of  seed  per  day. 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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The  cake-preparation  units  include  a  cake  ele- 
vator to  the  cake  breaker,  conditioning  conveyors, 
motors  and  electrical  accessories  for  all  power- 
driven  machinery,  steel  to  support  the  conditioning 
conveyors  over  the  flaking  rolls,  meats  run-around 
bin,  and  miscellaneous  items. 

The  flaking-roll  units  are  the  same  as  those  ap- 
pearing in  table  9  and  figure  49.  The  flaking  rolls 
would  have  greater  outputs,  in  terms  of  tons  of 
whole  seed  processed  per  day,  when  flaking  pre- 
pressed  cake  than  when  flaking  whole  meats.  The 
output  rates  for  operation  on  prepressed  cake  are 
shown  in  table  2f.  Equipment  for  the  solvent- 
extractor  unit,  whether  in  direct  or  prepress- 
solvent  plants,  includes  the  following  items: 

(1)  Solvent-extraction,  oil-  and  meal-desolventizing, 
and  accessory  equipment.  g£ 

(2)  Insulation  for  equipment. 

(3)  Concrete  foundations  and  paved  area  around  the 
equipment. 

(4)  Electric  power  supply,  motors,  controls,  and  wiring. 

(5)  Lighting  for  the  extraction  area. 

(6)  Small  building  near  the  extraction  department  to 
house  electric  controls  and  instruments  and  to  provide 
shelter  for  the  operators. 

(7)  Conveyors  supplying  flakes  to  the  extractor  and 
returning  extracted  meal  to  the  meal  bins. 

(8)  Trestle  supporting  conveyors  and  piping  between 
the  preparation  departments  and  the  extraction  depart- 
ments. 

(9)  Cooling  tower,  pumps,  and  piping  to  cool  and  re- 
circulate condenser  water. 

(10)  Refrigeration  system  to  supply  chilled  water  to  the 
condenser  into  which  run  the  vent  lines  for  solvent  vapor. 

(11)  Meal  coolers. 

(12)  Solvent  storage  tank  or  tanks,  with  solvent  un- 
loading pump  and  piping. 

(13)  Piping  (except  steam,  condensate,  and  oil  lines 
between  the  solvent-extraction  department  and  the  prep- 
aration departments,  which  are  charged  to  the  piping 
costs  in  table  53). 

(14)  Instruments  and  flame  arrestors. 

(15)  Fence  enclosing  the  extraction  department  and 
solvent-storage  tanks. 

(16)  Railroad  siding  on  which  to  spot  solvent  cars  for 
unloading. 

Investment  Requirements.  No  summaries 
were  made  of  the  costs  of  individual  items  of  a 
solvent-extraction  unit,  the  reason  being  that 
manufacturers  of  solvent-extraction  equipment 
usually  quote  prices  for  the  department  as  a  whole. 
Prices  used  in  this  report  were  received  in  this 
form.  Without  a  breakdown  of  costs  on  the  major 
items  of  machinery,  a  breakdown  of  the  lesser 
items  was  not  thought  to  be  necessary.  Costs  of 
oil-extraction  machinery,  equipment,  and  building 
units  for  prepress-solvent  mills  are  shown  in 
table  21. 

The  prepress-extraction  equipment  is  housed  in 
a  section  of  the  mill  building.  The  solvent 
extractor,  however,  is  not  housed  in  either  the 
prepress-  or  direct-solvent  plants.  This  type 
of  plant  appears  well  suited  to  the  Cotton  Belt 
and  is  commonly  used. 

Investment  requirements  of  complete  oil-extrac- 
tion departments  of  prepress-solvent  mills  are 
shown  in  table  22. 


Figure  50. — Two-high  meal  cooler. 


Figure  51. — One  type  of  solvent  extraction  unit. 
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Table    22. — Investment  requirements  of  oil-extraction  departments  of  different  sizes  (TPD) 1  of  prepress- 
solvent  cottonseed  oil  mills,  1949-50 


Cost  of 
machin- 
ery 
unit  2 

Size  of  mill 

Cost  item 

Plant  1  (30 
to  50  TPD) 

Plant  2  (60 
to  100  TPD) 

Plant  3  (120 
to  200  TPD) 

Plant  4  (180 
to  300  TPD) 

Plant  5  (270 
to  450  TPD) 

Unit 

Cost 

Unit 

Cost 

Unit 

Cost 

Unit 

Cost 

Unit 

Cost 

Prepress  and  auxiliary  equipment 

Conveyor  ends  for  prepresses,. 
Filter  press: 

24  inch                          _ 

Dollars 

40,  117 

5,290 

2,  596 
5,  093 
6,792 

9,  346 
12, 119 

8,054 

10,  198 
12,  332 

11,  419 

16,  272 

914 
1,549 
1,  755 
1,799 

125,  125 
170,  114 
203,  338 
273,  030 
348,  040 

No. 
1 

1 

1 

Dollars 

40,  1 1 7 

5,290 

2,  596 

No. 
1 

1 

1 

Dollars 

40,  117 

5,290 

2,  596 

No. 
2 

Dollars 

80,  234 

5,  290 

No. 
3 

1 

Dollars 

120,351 

5,  290 

No. 
5 
1 

Dollars 
200,  585 
5,290 

36  inch 

5,  093 

1 

5,093 

42  inch    . 

1 

6,  79.? 

Oil  handling  equipment  for — 
1  to  2  prepresses 

1 

9,  346 

1 

9,  346 

9,  346 

3  and  5  prepresses  _ 

1 

12,  119 

1 

12,  119 

Cake  preparation  equipment  for — 
1  prepress 

1 

8,054 

1 

8,  054 

2  prepresses 

3  and  5  prepresses 
Flaking  roll: 

Small 

10,  198 

1 

12,  332 

1 

12,  332 

1 

11,419 

1 

11,419 

Large 

16, 272 

2 

32,  544 

2 

32,  544 

Auxiliary  equipment  for — 
1-prepress  section  _  _. 

1 

914 

1 

914 

2-prepress  section 
3-prepress  section,   . 

1,549 

1 

1,  755 

5-prepress  section 
Solvent  extraction  unit  for — 

1  prepress  (30  to  50  TPD)__ 

1  prepress  (60  to  100  TPD) 

2  prepresses  (120  to  200  TPD)__ 

3  prepresses  (180  to  300  TPD)._ 
5  prepresses  (270  to  450  TPD)  _ . 

1 

1,  799 

1 

125,  125 

1 

170,  114 

1 

203,  338 

1 

273,  030 

1 

348,  040 

Cost  of  machinery  and  equips 
ment  (total) 

202,  861 



247,  850 

331,  320 



462,514 



619, 501 

Delivered  _ 

159,  381 
43,  480 



196,  265 

51,  585 



265,  057 
66,  263 



372,  867 
89,  647 



501,  278 

Installation.. 

118,  223 

Cost   of   building   for   prepress    ma- 
chinery - 

13,  275 
1,  102 



13,  275 
1,  102 



12,  771 
1,  102 



13,  296 
1,  102 



17,  437 

Automatic  sprinkler  system 

1,486 

Deluge  sprinkler  system 

23,  702 



30,  666 



31,  528 



34,  392 



35,  289 

Total   cost   of  building,    machinery, 
and  equipment  at — 
Memphis,  Tenn.3 

240,  940 

241,  101 

242,  337 

244,  930 

245,  931 



292,  893 

293,  082 

294,  542 

297,  573 

298,  491 



376,  721 

377,  049 
379,  222 

383,  890 

384,  272 



511,  304 
511,  757 
514,  847 

521,  608 

522,  308 



673,  713 

Atlanta,  Ga 

674,  212 

Dallas,  Tex,_ 

678,  257 

Phoenix,  Ariz 

687,  339 

Bakersfield,  Calif 

689,  554 

1  Tons  per  day. 

2  From  table  2.1. 

3  Memphis,  Tenn.,  was  used  as  the  price  basing  point  for 
individual  items.  Differences  from  the  Memphis  totals  at 
the  other  price  basing  points  were  owing  to  differences  in 
delivered  cost  of  machinery. 


Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 
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Direct-Solvent  Mills 

In  direct-solvent  mills,  the  meats  after  being 
separated  from  the  hulls  are  conveyed  directly  to 
the  solvent  extractor  from  the  mechanical  pre- 
treatment  department  and  rolled  into  flakes.  As 
meats  are  separated  into  oil  and  meal,  the  desol- 
ventized  meal  is  returned  to  the  meal-grinding 
section  of  the  mill  building  for  further  processing. 
Investment  requirements  are  shown  in  table  23. 


Figure  52. — Another  type  of  solvent-extraction  plant. 


CRACKED  CAKE  OR  MEAL  BINS 

The  cake  or  meal  bins  were  designed  to  receive 
cracked  cake  from  either  the  hydraulic  or  screw- 
press  processes,  or  extracted  meal  from  solvent 
processes,  and  store  it  until  it  was  further  proc- 
essed or  shipped.  Provision  was  made  to  cool 
cake  in  the  bins  by  blowing  air  through  it.  It 
was  assumed  that  solvent-extracted  meal  would 
be  cooled  before  it  reached  the  bins. 

Cake  bins  were  designed  in  multiples  of  four 
and  were  housed  in  buildings  as  shown  in  table  24. 
Each  bin  building  was  a  steel  frame,  having  a 
pitched  roof — a  structure  similar  to  the  ware- 
houses but  with  a  much  higher  truss  line.  Also, 
it  was  designed  to  adjoin  the  side  or  end  of  the 
mill  building  at  any  appropriate  place. 

The  first  building  includes  a  group  of  4  bins,  the 
second  a  group  of  8  bins,  the  third  a  group  of  12, 
and  the  fourth  a  group  of  16  bins.  All  these 
buildings  were  designed  on  the  assumption  that 
bins  would  never  be  combined  into  a  total  of 
more  than  16. 

The  bins  were  constructed  of  steel  and  were 
square-shaped,  with  hopper  bottoms  discharging 
through  feeders  into  conveyors.  Four  bins  filled 
one  bay  of  the  building.  As  bins  are  added  in 
multiples  of  four,  proportionately  less  machinery 
and  equipment  are  required  per  bin.  Therefore, 
the  investment  cost  per  ton  of  bin  capacity  falls 
substantially  as  the  size  of  the  buildings  for  han- 
dling cake  increases  (table  24). 

As  illustrated  in  figures  3  through  7,  the  meal- 
Inn  building  is  located  adjacent  to  the  meal- 
grinding  department.  Figure  53  shows  the  lay- 
out of  a  16-bin  building.  By  envisioning  this 
building  reduced  a  bay  at  a  time,  beginning  from 
the  north  end,  the  same  figure  also  illustrates  the 
principles  of  design  employed  in  each  of  the  three 
smaller  bin  buildings,  except  that  no  cake  cooler 
is   required   for    hydraulic   or    screw-press   mills. 


Table  23. — Investment  requirements  for  solvent-extraction  departments  of  different  sizes  of  direct-solvent 

cottonseed  oil  mills  at  specified  locations,  1949-50 


Size  of  mill  ' 


Approx- 
imate 
weight 

of 
equip- 
ment 


Extraction  unit 


Deliv- 
ered 2 


Instal- 
lation 


Total 


Deluxe 
sprin- 
kler sys- 
tem 


Total  cost  at — 


Mem- 
phis, 
Tenn.; 


At- 
lanta, 
Ga. 


I  (alias, 
Tex. 


Phoe- 
nix, 
Ariz. 


Bakers- 
field, 
Calif. 


Plant  1  (40  to  65  TPD__. 
Plant  2  (75  to  125  TPD)_ 
Plant  3  (150  to  250  TPD) 
Plant  4  (225  to  375  TPD) 
Plant  5  (300  to  500  TPD) 


Pounds  Dollars 
267,  807151,  914 
332,  027|209,  881 


454,  238 
589,  423 
635,  702 


269,  853 
321,  835 
360,  570 


Dollars 
40,  838 
54,  055 
67,  765 


Dollars 
192,  752 
263,  936 
337,  618 


79,  626  401,461 
89,  124  449,  694 


Dollars 

30,  666 

31,  528 

34,  392 

35,  289 
40,  711 


Dollars 
223,  418 
295,  464 


Dollars 
223,  277 
295,  288 


372,  010^71,  769 
436,  750  436,417 
490,  405,490,  069 


Dollars  Dollars  Dollars 
224,  738  227,  668  228,  085 
297,  153  301,  113  300,789 
374,  357379,  959  380,  167 
439,  781  447,  043447,  998 
493,  620!501,  363(500,  635 


1  TPD  means  tons  per  day. 

2  Memphis,  Tenn. 

3  Memphis,  Tenn.,  was  used  as  the  price  basing  point 
for  individual  items.     Differences  from  the  Memphis  totals 


at  the  other  price  basing  points  were  owing  to  differences 
in  delivered  cost  of  machinery. 

Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  ID. 
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(No  cake  bins  of  any  sort  would  be  required  if 
only  slab  cake  were  produced,  since  such  cake  is 
either  loaded  directly  from  the  extraction  depart- 
ment for  shipment  or  placed  directly  in  the  meal- 
storage  department.  This  situation,  however, 
can  occur  only  for  hydraulic  mills,  as  no  other 
type  of  mill  produces  slab  cake.) 


In  selecting  the  proper  size  of  cake  building  for 
a  particular  mill,  it  was  assumed  that  any  well- 
balanced  mill  would  have  storage  capacity  for 
cracked  cake  equivalent  to  2}i  days  of  its  total 
meal  production.  For  example,  on  this  basis,  a 
20-press  hydraulic  mill  operating  at  10  tons  per 
press  per  24  hours  would  have  enough  cracked- 
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Figure  53. — Bulk  storage  bins  and  cooler  for  cottonseed  meal  or  cracked  cake. 
Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (R1IA,  Title  II). 
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cake  storage  to  handle  at  least  214  tons  of  cake 
(assuming  a  cake  outturn  of  853  pounds  per  ton 
of  seed  processed). 

This  assumption  was  used  in  all  cases,  except 
that  no  mill  was  provided  with  bin  storage  for 


cracked  cake  of  more  than  488  tons  of  cake. 
This  amount  of  cracked  cake  is  equivalent  to  the 
capacity  of  the  largest  building  as  shown  in  table 
24.  The  investment  requirements  for  different 
sizes  of  mills  are  shown  in  table  25. 


Table  25. — Investment  requirements  for  meal  or  cracked  cake  bin  units  for  cottonseed  oil  mills  in  mill 

areas  I  through  VI,  by  size  of  mill,  1949-50 

[Based  on  table  24] 


Size  of  mill  (seed  crushed  per 
day  at  normal  operating  rate) 

Maximum  stor- 
age capacity 
required  ' 

Symbol 

Cost 

Cracked 
cake 

Meal 

Area 
I2 

Area 
II3 

Area 
III  3  « 

Area 
IV  3 

Area 

V5 

Area 

VI  6 

Up  to  100  tons  per  day 

110  to  200  tons  per  day . 

210  to  300  tons  per  day        .      .    . 
310  to  400  tons  per  day ' 

Tons 
122 
244 
366 
488 

Tons 
107 
214 
321 
421 

Code 
Ca 
Cb 
Cc 
Cd 

Dollars 
23,361 
33,  604 
43,  859 

54, 038 

Dollars 
23,  296 
33,  508 
43,  732 
53,  880 

Dollars 
23,  296 
33,  508 
43,  732 
53,  880 

Dollars 
23,  296 
33,  508 
43,  732 
53,  880 

Dollars 
23,  326 
33,  568 
43,  822 
54,  000 

Dollars 
23,  596 
34,  002 

44,  420 
54,  762 

1  Based  on  2}i  days'  cracked  cake  or  meal  production. 

2  Atlanta,  Ga.,  pricing  point. 

3  Memphis,  Tenn.,  pricing  point. 

4  All  hydraulic  mills  require  first  bin  unit  (Ca). 


CAKE-PROCESSING  DEPARTMENT 

Equipment  Units 

All  items  of  equipment  in  the  cake-processing 
department  were  grouped  into  a  meal-grinding 
(and  bagging)  unit,  a  pelleting  unit,  and  a  pneu- 
matic cake-conveyor  unit.  These  units  were 
housed  in  the  meal  section  of  the  mill  building. 

The  pelleting  unit  included  a  meal  bin,  one 
large  pellet  mill,  and  pellet-cooling,  -screening, 
and  -bagging  equipment.  The  pneumatic  convey- 
ing unit  was  provided  to  convey  cracked  cake  to 
or  from  a  seedhouse  in  case  it  was  wished  to  store 
large  quantities  of  cake  in  mills  operating  for  long 
seasons.  It  included  one  blower,  pipe  with  yard 
supports,  feeders,  separators,  and  collectors  at 
both  ends  of  the  pipe. 

The  cake-processing  department  did  not  include 
the  same  equipment  units  in  all  plants.  Although 
some  solvent  operators  do  produce  some  pellets, 
the  question  is  commonly  raised  as  to  whether  or 
not  it  is  economical  to  do  so,  since  solvent-proc- 
essed meal  is  difficult  to  pellet  'because  of  its  low 
oil  content.  As  the  subject  was  controversial,  no 
solvent  mill  (direct  or  prepress)  considered  in  this 
report  was  provided  with  pelleting  machines  except 
in  localities  where  it  was  definitely  known  that 
pellets  were  successfully  produced.  All  hydraulic 
and  screw-press  mills  were  provided  with  such 
machines,  except  in  localities  where  the  1949-50 
survey  on  meal  sales  did  not  reflect  the  existence 
of  an  established  pellet  market. 

No  conveyor  unit  was  included  in  any  direct- 
or prepress-solvent  mill,  because  such  mills  do  not 
produce  cracked  cake.  Nor  was  a  conveyor  unit 
included  in  any  hydraulic  or  screw-press  mill 
having  an  operating  season  of  less  than  6  months. 


5  Dallas,  Tex.,  pricing  point. 

6  Bakersfield,  Calif.,  pricing  point. 

Source:  Data  obtained  through  contract  under  Agri- 
cultural Marketing  Act  of  1946  (RMA,  Title  II). 

These  units  were  provided  for  longer  seasons,  as 
it  was  assumed  to  be  desirable  in  such  cases,  to 
store  large  quantities  of  cake  in  seed  houses  in  the 
latter  part  of  the  season  when  the  houses  were 
relatively  empty  and  the  meal  market  was  slack. 

Principle  of  Design 

The  principles  of  design  used  for  any  meal 
grinding  and  bagging  department  are  illustrated 
in  figures  55  and  56.  Figure  55  illustrates  a 
department  in  which  no  pellet  mill  was  provided, 
whereas  figure  56  illustrates  the  inclusion  of  this 
machine. 

The  meal  department  was  housed  in  a  section 
of  the  mill  building  between  the  oil-extraction 
department  and  the  meal-storage  department,  in 
hydraulic,  screw-press,  and  prepress-solvent  mills; 
and  adjacent  to  the  mechanical  pretreatment  de- 
partment in  direct-solvent  mills. 


t   fch 


Ik      fi 


Figure  54.- — -Attrition  mill  for  grinding  cake. 
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Figure  55. — Cake  or  meal  grinding  and  bagging  department 
for  cottonseed  oil  mills,  excluding  the  pelleting  unit.' 

Source:  Data  obtained  through    contract  under   Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II).   : 
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Figure  56. — Cake  or  meal  grinding,  pelleting,  and  bagging  department  for  cottonseed  oil  mills. 
Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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Investment  Requirements 

Descriptions  and  unit  costs  of  cake  processing 
machinery,  equipment,  and  building  are  given  in 
table  26.  Investment  requirements  of  the  cake 
processing  department  for  different  types  and 
sizes  of  mills  in  various  areas  are  shown  in  table 


27.  In  this  summary,  the  conveyor  unit  was 
used  for  all  hydraulic  and  screw-press  mills,  as 
each  mill  was  considered  as  operating  for  at  least 
6  months.  Variations  in  investment  reflected  the 
use  or  nonuse  of  the  pelleting  unit,  depending  on 
the  type  of  mill  or  area  under  consideration. 


Table  26. — Description  and  costs  of  machinery  and  equipment  units  and  building  requirements  for  cake- 
processing  departments  of  cottonseed  oil  mills  at  specified  locations,  1949-50 


Symbol 

Machinery  and  equipment 

Building  requirement 

Unit 

Approx. 

weight 

Cost 

Length 

Width 

Area 

Deliv- 
ered 

Instal- 
lation 

Total 

Cost 

Cake     or     meal     grinding     and 
bagging  machinery 

Code 
Cg 

Pm 
Pc 

Pounds 
25,  584 

27,  227 

Dollars 
20,  461 

13,  961 
7,924 

Dollars 
4,247 

3,295 
3,  188 

Dollars 
24,  708 

17,  256 
11, 112 

Feet 
20 

20 

Feet 
50 

50 

Sq.  ft. 
1,000 

1.  000 

Dollars 
5,  072 

Pellet  manufacture  and  bagging 
machinery 

4.  777 

Pneumatic  cake  convevor_ 

Symbol 

Fire  hydrants 

Auto- 
matic 
sprin- 
klers, 
cost 

Total  cost  at1 — 

Unit 

Quan- 
tity 

Ccst 

Mem- 
phis, 
Tenn. 

Atlanta, 
Ga. 

Dallas, 
Tex.  ' 

Phoenix, 
.Ariz. 

Bakers- 
field, 
Calif. 

Cake     or     meal     grinding     and 

bagging  machinery. 
Pellet  manufacture  and  bagging 

machinery 

Code 
Cg 

Pm 

No. 

2 

Dol. 
1,  022 

Dollars 
639 

639 

Dollars 
31,441 

22,  672 
11,  112 

Dollars 
31,  462 

22,  860 
11,  140 

Dollars 
31,  602 

22,  631 
11,  133 

Dollars 
32,  021 

22,  421 
11,  154 

Dollars 
32,  109 

22,  346 

Pneumatic  cake  convevor                 1       Pc 

11,  157 

1  Memphis  column  represents  total  of  the  costs  in  the 
preceding  columns.  Differences  among  the  total  columns 
were  owing  to  differences  in  delivered  cost  of  machinery  at 
the  5  points. 


Source:  Data  obtained  through  contract  under  Agri- 
cultural Marketing  Act  of  1946  (RMA,  Title  II). 


STORAGE  DEPARTMENTS 

Cottonseed-oil  mills  include  storage  departments 
for  seed  and  for  four  products  as  follows:  Sacked  or 
slab  meal,  baled  linters  and  miscellaneous  supplies, 
hulls,  and  cottonseed  oil  (tanks). 

SEED 

Associated  with  requirements  for  the  storage  of 
cottonseed  are  three  questions:  (1)  What  is  the 
maximum  seed  tonnage  that  must  be  stored  by 
each  mill;  (2)  what  seed  house  layouts,  including 
equipment,  are  needed  for  these  tonnages;  and 
(3)  what  do  such  layouts  cost. 

Factors  Affecting  Maximum  Seed-Storage  Requirements 

The  maximum  seed-storage  requirement  of  any 
plant  is  controlled  by  three  factors:  (1)  the  size 
of  the  annual  crush,  (2)  the  rate  of  seed  receipts 
from  gins  to  mills  during  the  ginning  season,  and 
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(3)  the  crushing  rate  during  the  seed-receiving 
season.  The  maximum  storage  requirement  for 
any  annual  crush  is,  therefore,  equal  to  the  cumu- 
lative seed  receipts  minus  the  cumulative  seed 
crush  at  the  time  when  seed  receipts  become 
lower  than  the  amount  crushed. 

Seed  Receipt  Period.  Seed  begin  to  flow 
into  mills  from  gins  at  the  start  of  the  cotton- 
picking  and  -ginning  season.  At  first  the  flow  is 
quite  slow, -not  enough  to  keep  the  mill  going  full 
time;  then  it  picks  up,  becoming  much  faster  than 
the  rate  of  crush  for  a  time,  then  tapers  off  toward 
the  close  of  the  cotton  harvest  season  and  at  last 
ceases  altogether  long  before  the  new  cotton 
harvest. 

As  used  in  this  report,  a  seed  receipt  period  is 
approximately  2  weeks,  this  being  the  unit  used 
by  the  Bureau  of  the  Census  in  reporting  bales  of 
cotton  ginned  during  the  ginning  season.  More 
seed  may  come  in  after  the  close  of  the  ginning 
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season,  but  it  does  so  at  a  rate  that  is  slower  than 
the  rate  of  crush,  so  that  the  mill  will  have  to 
draw  seed  out  of  storage  in  order  to  keep  running. 
Seed  Ginning  Rate.  The  average  ginning  rate 
and  annual  mill  crush  were  used  in  determining 


the  rate  of  seed  receipts.  As  used  in  this  report, 
the  gin  rate  is  the  proportion  of  the  1943-47 
average  total  seed  ginned  in  the  central  delta 
area  during  each  ginning  period.  These  propor- 
tions are  given  in  table  28. 


Table  28. — Total  volumes  and  percentages  of  cottonseed  ginned  during  specified  ginning  periods  in  Delta 

farming  areas,  1943-47  average 


Seed  ginned 

Area 

Total 

Prior  to — 

After 

Sept.  1 

Sept.  16 

Oct.  1 

Oct.  18 

Nov.  1 

Nov.  14 

Dec,  1 

Dec.  13 

Jan. 16 

Jan.  16 

All  areas 

Tons 
1,  058,  021 

Pet. 
4.  4 

Pet. 
11.  1 

Pel. 
18.  5 

Pet. 
21.  5 

Pet, 
14.3 

Pet. 
8.2 

Pet. 

7.  7 

Pet. 
3.  7 

Pet. 
3.4 

Pet. 
7.  1 

Area  1 

105,  848 
105,  740 
105,  673 
105,  743 
105,  716 
105,  771 

105,  619 

106,  139 

105,  615 

106,  157 

.  3 
1.  2 
1.  5 

1.  5 

2.  3 

3.  2 

4.  0 
5.2 
8.  5 

16.  2 

6.  7 

7.  7 

8.  8 
6.  1 
9.5 

9.  5 
11.  4 
11.  6 
18.  0 
21.  8 

17.4 

17.  2 

18.  0 
15.7 

17.  3 

18.  0 

19.  2 
18.  3 
22.  1 
21.  2 

21.  8 

21.  9 

22.  1 
22.4 
22.  1 
22.4 
22.  5 

20.  6 

21.  0 
18.  0 

15.7 
14.  8 

14.  5 
16.  3 

15.  0 
15.  7 
14.  6 
14.  2 
12.  2 
10.  1 

8.  3 
7.  8 
7.  8 

9.  8 
8.2 
9.  3 
8.6 
9.2 
7.  3 
5.3 

9.4 
8.3 

8.  8 
8.  7 
8.-5 

8.  5 
7.  7 
7.  7 
5.  1 
3.  9 

6.  0 
5.2 

4.  7 
4.  1 
3.  9 
3.  0 
3.4 
3.4 
2.  1 
1.4 

6.0 
5.4 
5.  3 
4.  0 
3.  3 
2.2 
2.  4 
2.  6 
1.  4 
.  9 

8.  3 

Area  2 

10.  3 

Area  3 
Area  4_ 

7.  7 
10.  8 

Area  5_ 
Area  6 
Area  7 

9.  3 

8.2 
6.  1 

Area  8 
Area  9 

6.  9 

1   9 

Area  10 

1.  0 

Central  Delta: 
Areas  5  and  6 

211,  487 

2.  8 

9.  5 

17.  7 

22.  3 

15.4 

8.  8 

8.  5 

3.  5 

2.  8 

8.  7 

Source:  Based  on  data  from  Bureau  of  Census  publications,  Cotton  Production  in  the  U.  S.,  1943  through  1947. 


The  Bureau  of  the  Census  ginning  periods  are 
fixed  calendar  dates  for  all  cotton-producing 
counties.  The  periods  are  September  1-14  and 
15-30;  October  1-15  and  16-31;  November  1-14 
and  15-30;  December  1-13;  December  14-January 
15;  January  16  and  after.  Although  cotton  har- 
vesting and  ginning  begin  and  end  earlier  in  the 
southern  than  in  the  northern  parts  of  the  Cotton 
Belt,  the  total  period  of  harvesting  and  ginning  is 
approximately  the  same.  These  reports  will  there- 
fore show  a  faster  ginning  rate  in  the  first  ginning 
period  in  the  south  delta,,  for  example,  than  is 
actually  the  case  because  this  reporting  period 
includes  all  seed  ginned  prior  to  September  1. 
Furthermore,  since  cotton  picking  and  ginning 
start  later  in  the  north,  the  rate  of  seed  flow  will 
appear  to  be  much  faster  in  the  southern  than  in 
the  northern  delta  during  the  earlier  census  periods 
and  slower  in  the  later  periods,  whereas  actually 
the  rate  is  about  the  same  in  both  areas,  once  the 
cotton  harvesting  and  ginning  season  begins  in 
each  area.  As  the  same  principle  applies  to  other 
north-south  "bands"  across  the  Cotton  Belt, 
either  east  or  west  of  the  delta,  central  delta  rates 
of  seed  ginnings  were  used  for  all  mill  areas  con- 
sidered in  this  report.  Use  of  somewhat  different 
rates  in  other  areas  would  not  materially  affect 
total  plant  investment  requirements. 

Rate  of  Seed  Flow  to  A  Given  Mill.  The 
amount  of  seed  flow  to  any  particular  mill  in  any 


seed  receipt  period  was  obtained  by  multiplying 
the  gin  rate  of  that  period  by  the  annual  mill 
crush.  For  example,  if  the  annual  crush  of  a 
mill  were  20,000  tons,  and  5  percent  of  the  seed 
crop  were  ginned  in  a  seed  receipt  period  (for 
example,  September  15  to  30),  then  that  mill's 
seed  receipts  for  this  period  were  considered  to  be 
0.05  X  20,000  or  1,000  tons. 

A.  particular  mill  may  sometimes  receive  seed 
at  a  more  rapid  rate  because  of  its  special  seed- 
buying  practices,  but  on  the  average  it  is  not 
possible  for  mills  to  receive  seed  more  rapidly 
than  at  the  rate  at  which  the  total  crop  is  ginned. 
This  general  principle  was  applied  to  all  mills  in 
this  study. 

Amount  of  Seed  Cktjshed  During  the  Gin- 
ning Season.  During  the  early  part  of  the  gin- 
ning season,  the  rate  of  seed  receipts  is  commonly 
not  sufficient  to  enable  the  mills  to  run  full  time. 
In  view  of  this  fact,  a  standardized  schedule  of 
operations  was  developed  for  each  mill  during  the 
entire  period  in  which  seed  receipts  were  less  than 
its  potential  daily  output.  Such  schedules  rested 
on  the  assumptions  that  a  mill:  (1)  Will  operate 
at  its  scheduled  rate  (for  example,  10  tons  per 
press  per  24  hours)  whenever  it  runs;  (2)  will  not 
start  to  operate  until  it  has  enough  seed  in  sight 
for  at  least  a  week's  operation;  (3)  will  operate 
whenever  it  has  a  week's  seed  supply  even  though 
the  rate  of  seed  receipts  is  not  sufficient  to  enable 
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it  to  run  continuously;  and  (4)  will  operate  at 
an  average  of  six  24-hour  days  a  week  until 
after  the  rate  of  seed  receipts  becomes  permanently 
less  than  the  rate  of  crush,  as  a  shorter  Aveek  would 
involve  a  greater  storage  requirement  for  any 
given  annual  crush.  (After  this  period,  it  was 
assumed  that  the  mills  operated  an  average  of 
5  days  per  week  for  the  remainder  of  the  crushing 
season.) 

From  the  crushing  schedule  developed  for  each 
mill,  on  the  basis  of  these  assumptions,  there  was 
computed  the  cumulative  crush  as  of  the  last  seed 
receipt  period  in  which  receipts  were  greater  than 
the  crush.  With  only  minor  exceptions,  sub- 
tracting this  quantity  from  the  total  seed  receipts 
as  of  the  last  seed  receipt  period,  gave  the  maxi- 
mum amount  of  seed  that  had  to  be  stored. 

Relationship  of  Maximum  Seed-Storage  Requirement  to 
Annual  Crush 

It  was  then  found  that  the  maximum  seed- 
storage  requirement  of  any  mill,  according  to  the 
^ibove  rules,  was  related  to  its  annual  crush  and 
length  of  operating  season  as  indicated  in  table  29. 
Take,  for  example,  a  10-press  hydraulic  mill 
operating  at  100  tons  per  day  for  6  months  or 
132  working  days.  Its  annual  crush  would  be 
13,200  tons.  Its  maximum  seed  storage  is  31.34 
percent  of  this  crush  or  4,137  tons.  Again,  the 
annual  crush  of  the  smallest  prepress-solvent  mill, 
operating  at  its  normal  rate  for  a  12-month  season 
(264  days),  was  10,560  tons  of  seed.  Its  maxi- 
mum seed  storage  requirement  was,  therefore, 
57.73  percent  of  10,560  or  approximately  6,100 
tons. 


Seed  Storage  Houses 

Eleven  seed  houses  were  designed  to  meet  the 
storage  requirements  of  any  cottonseed  oil  mill. 

Principles  of  Design.  Figure  58  illustrates 
I  lie  principles  of  floor  design,  showing  the  tunnel 
conveyors  and  the  positions  of  the  seed  unloaders, 
cooling  fans,  and  other  equipment.  The  same 
figure  illustrates  the  overhead  appearance  of  each 
house. 

The  way  in  which  seed  houses  were  located  in 
reference  to  other  mill  buildings  is  illustrated  in 
figures  3  through  7.  Finally,  the  way  in  which  the 
houses  were  designed  for  fire  protection  purposes, 
discussed  in  chapter  IV,  is  illustrated  in  figure  59. 


Figure  57.— Cottonseed  storage  houses. 


Table  29. — Cottonseed  oil  mills:  Maximum  seed 
storage  requirements  as  a  percentage  of  annual 
crush,  by  length  of  operating  season 


Length  of  operating  season  ] 

(months) 

Maximum  seed 
storage  require- 
ments as  per- 
centage of  annual 
crush  2 

4.8                      ...    _    -_-          -      _ 

Percent 

22.  3 

6.0 

31.  3 

6.4                              .              -   -        -      -- 

34.  1 

7.2                          _    _      

39.5 

7.5                                   .'_      --_          -      -- 

41.  3 

7.7_                   -     --     --■ -- 

42.  4 

8.0                     . - 

44.  1 

8.7                             _   --_ 

47.  5 

9.0                               - -    ---    -- 

48.  6 

9.6 

50.  9 

10.0                         .    

52.3 

10.3                               -               -              - 

53.2 

10.9 

55.0 

11.0                                     --      -    --- 

55.  3 

11.5                                 .-_ -- 

56.  6 

12.0 

57.  7 

1  Averaging  22  24-hour  working  days  per  month. 

2  Based  on  standardized  schedule  of  operations.  . 


Structural  Features.  The  seed  houses  were 
of  the  steel-frame,  ironclad,  pillarless  type.  Each 
house  was  provided  with  an  overhead  conveyor  to 
fill  it  and  a  conveyor  in  a  tunnel,  running  length- 
wise of  the  house,  to  unload  it.  The  seed  house 
equipment  and  machinery  shown  in  table  30 
included  the  drives  and  ends  for  the  overhead  and 
tunnel  conveyors;  elevator  to  lift  the  seed  coming 
from  the  house  into  a  conveyor  to  the  mill;  a  con- 
veyor from  the  seed  house  to  the  mill  seed  bin  or 
to  the  next  seed  house  and  the  trestle  supporting 
this  conveyor;  and  fire-protection  equipment. 

A  pneumatic  unloader  was  provided  to  unload 
'the  seed  from  trucks  or  wagons  and  elevate  it  to 
the  overhead  conveyor  in  the  seed  house.  The 
auxiliary  equipment  for  the  rail-truck  unloader 
enables  the  same  unloader  to  be  used  on  both 
trucks  and  railway  cars.  The  cooling  fan,  for 
cooling  the  seed,  included  a  motor  and  accessories. 

Investment  Requirements 

Three  steps  were  involved  in  calculating  the 
seed-storage  investment  requirements  of  any  par- 
ticular mill.  First,  cost-units  were  developed 
(table  30)  for  two  minimum-size  houses  60  x  70  feet 
and  90  x  100  feet,  including  machinery  and  equip- 
ment  and   yard   improvements.     Each   of   these 
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Figure  58. — Layout  of  seed  storage  houses  for  cottonseed  oil  mills. 
Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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minimum  sizes  included  the  cost  of  a  "first  house" 
and  an  "additional  house";  in  case  a  mill  required 
2  houses  the  second  house  would  cost  less  than  if 
only  1  were  required. 

Building  cost  included  the  steel  building  itself, 
the  foundation  and  floor,  the  tile  air  ducts  under 
the  floor  for  the  cooling  system,  and  the  lighting 
system.  The  yard  improvements  consisted  of  a 
road,  water  main,  and  concrete-lined  drainage 
ditch,  all  of  which  encircled  the  building  on  all  four 
sides.  (Cost  of  these  improvements  also  included 
the  power  line  and  poles  running  alongside  the 
building  to  supply  the  lighting  system  and  the 
various  electric  motors.)  Yard  improvements 
differed  for  the  first  house  and  each  additional 
house,  chiefly  because  of  the  amount  of  water  main 
required  in  each  case.  With  a  water  main  encir- 
cling the  first  house,  the  second  house,  when  situ- 
ated alongside  the  first,  required  a  water  main  on 
only  one  side.  The  same  principle  applied  to 
additional  houses.  Additional  houses  required 
fewer  fire  hydrants  than  the  first  house. 

By  adding  a  "center  section,"  each  of  the  mini- 
mum houses  may  be  expanded.  Accordingly,  in 
addition  to  the  costs  of  the  minimum  house,  table 


30  shows  the  cost  of  the  center  section  along  with 
the  unit  cost  of  seed-house  machinery  and  equip- 
ment— a  pneumatic  seed  unloader,  cooling  fan, 
and  fire  hydrant,  and  hose  house. 

These  unit  costs  have  been  combined  in  table  3 1 
to  show  the  investment  requirements  of  22  indi- 
vidual seed  houses. 

Table  32  shows  the  combination  of  seed  houses 
that  was  selected  for  each  mill  in  this  report  and 
the  investment  requirements.  The  least  cost 
principle  was  used  in  determining  the  combination 
of  houses  selected  for  any  particular  mill;  that  is, 
wherever  the  maximum  storage  requirement  of  a 
given  mill  could  be  met  by  a  number  of  house 
combinations,  that  combination  was  selected  which 
required  the  least  investment.  Unlike  processing 
departments,  seed-storage  investment  require- 
ments of  any  mill  depend  on  its  length  of  season 
and  daily  rate,  as  weU  as  on  its  mere  size.  For 
example,  the  requirenient  of  a  10-press  hydraulic 
mill  which  operated  for  6  months  at  10  tons  per 
press  would  be  different  from  the  requirements  of 
the  same  mill  operating  at  14  tons  per  press  for  the 
same  number  of  months. 


Table  30. — Description  and  costs  of  machinery  and  building  units  for  seed  storage  houses  for  cottonseed 

oil  mills,  1949-50 


Capacity 

Cost 

Unit 

Machinery  and 
equipment 

Building1 

Yard  improvement 

Total 

Delivered 

Installa- 
tion 

Delivered 

Installa- 
tion 

Minimum  length — first  house:  2 
60  feet  wide   _              .  _   _  _ 
90  feet  wide    _ 

Tons 

1,400 
3,  700 

1,400 
3,700 

475 
875 

475 

875 

Dollars 

6,  312 
6,990 

6,312 
6,990 

790 
790 

790 
790 

2,  277 

3,  850 

292 

1,  340 

563 

457 

Dollars 

2,384 
2,  684 

2,384 
2,684 

262 
262 

262 

262 

509 

1,029 

Dollars 

20,  506 
33,  365 

20,  506 
33,  365 

5,  472 
6,761 

5,472 
6,761 

Dollars 

2,  151 
3,056 

1,921 

2,  786 

276 
347 

249 
320 

Dollars 

1,065 
1,  595 

939 
1,407 

93 
119 

75 
99 

Dollars 

32,  418 

47,  690 

Minimum  length — additional  house: 
60  feet  wide      .  .                         . 

32,  062 

90  feet  wide 

47,  232 

Center  section  for  first  house: 

60  feet  wide  __                 . 

6,  893 

90  feet  wide   _ 

8,  279 

Center  section  for  additional  house: 
60  feet  wide 

6,  848 

90  feet  wide                 . 

8,  232 

Pneumatic  unloader 

2,  786 

Auxiliary  equipment  for  each  unloader 

4,  879 

Auxiliary  equipment  for  rail-truck  un- 
loader                             _    _                - 

292 

Cooling  fan                              -            _ 

268 

123 

54 

1,  608 

Auxiliary  equipment  for  each  fan 

686 

Fire  hydrant  and  hose  house 

511 

1  Includes  installation  charges. 

2  Any  size  house  may  be  obtained  by  adding  "center  section"  units  to  "minimum  length  house." 

Source:   Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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PRODUCTS 

Meal  Storage  Warehouses 

Meal-storage  housing  was  provided  for  all  mills 
in  a  section  of  the  mill  building,  as  indicated  in 
figures  3  through  7.  Eighteen  houses  of  different 
sizes  were  designed  to  meet  the  requirements  of  any 
particular  mill.  The  first  house  was  only  40  x  40 
feet  and  was  designed  for  the  smallest  mills 
operating  for  very  short  seasons.  The  next 
larger  house  was  50  x  50  feet.  All  the  other  houses 
were  also  50  feet  wide,  but  of  increasing  lengths  up 
to  a  maximum  of  320  feet  as  shown  in  table  34. 

Structural  Characteristics.  All  the  houses 
were  of  standard  design,  with  pitched  roof  and 
steel  frame.  They  were  ironclad  structures,  with 
12  feet  under  trusses  and  10-foot  bays,  were 
Avindowless,  and  had  ventilators.  Each  house  had 
water  mains  on  two  sides,  a  road,  drainage  ditch, 
lighting,  and  lighting  powerline  and  poles. 

Doors  were  provided  in  the  "Doors  and  Dock 
Section"  unit  (figs.  3  through  7)  which  included 
two  9-foot  sliding  doors  and  a  concrete  loading 
dock  10  feet  long  and  8  feet  wide.  The  doors  were 
located  opposite  each  other  on  the  two  sides  of  the 
building  for  loading  or  unloading  from  trucks  and 
railway  cars.  The  dock  was  opposite  one  of  the 
doors.  For  some  purposes,  a  continuous,  roofed 
loading  dock  was  desirable  for  the  side  opposite 
the  individual  unroofed  docks. 

Assumptions  Used  in  Calculating  Meal 
House  Capacities.  In  calculating  the  capacity 
of  warehouses  for  bagged  meal  or  pellets  and 
cracked  or  sized  cake,  it  was  assumed  that  bags, 
each  containing  100  pounds  of  material,  occupied 
an  area  of  370  square  feet,  and  that  the  bags  were 
stacked  12  bags  high  over  the  entire  area  of  the 
storage  bays,  except  for  an  8-foot-wide  aisle  run- 
ning lengthwise  down  the  middle  of  the  building. 

If  slab  cake  were  stacked  about  5  feet  high  in  the 
same  floor  pattern  as  the  bagged  products,  the 


capacity  of  the  warehouses  for  slab  would  be  the 
same  as  for  bagged  products  stacked  12  bags  high. 
By  assuming  these  conditions  to  apply,  the  ca- 
pacities of  the  warehouses  in  tons  stored  are  the 
same  for  bagged  meal  products  and  for  slab  cake. 

Rules  for  Calculating  Meal-Storage  Re- 
quirements of  Individual  Mills.  Sacked  meal 
may  be  in  any  of  three  forms — bulk,  pellets,  and 
cracked  or  sized  cake.  No  meal  can  be  stored  in 
bulk  without  sacking  because  of  a  tendency  to 
heat.  For  storage  calculation  purposes,  the  other 
meal  forms  were  considered  as  sacked  meal,  as  they 
required  the  same  storage  space  per  ton. 

To  provide  enough  meal  storage  for  orderly 
marketing  requirements  and  at  the  same  time  hold 
storage  investment  to  a  minimum,  it  was  assumed 
that  any  well-balanced  mill  should  be  able  to  store 
as  much  sacked  meal  as  it  produces  in  a  7-day 
period,  assuming  sacked  meal  is  stacked  as  indi- 
cated above.  This  amount  of  space  would  result 
in  sacked  meal  being  stacked  only  six  bags  high 
during  most  of  the  operating  season.  Only  in 
unusual  situations  would  it  have  to  be  stacked  12 
bags  high. 

As  the  proportions  of  bulk,  slab,  and  sacked  meal 
may  vary  greatly  in  different  localities,  the  meal- 
storage  requirements  of  muls  having  the  same  total 
meal  production  will  likewise  vary.  This  fact 
has  been  taken  into  account  throughout  this 
report. 

Investment  Requirements.  The  units  that 
may  be  combined  into  any  number  of  meal  houses 
are  shown  in  table  33.  In  table  34  these  units  are 
combined,  showing  costs  of  18  sizes  of  meal  houses. 
By  using  this  information,  investment  require- 
ments for  meal  houses  for  mills  in  mill  areas  I 
through  VI  were  calculated  and  are  shown  in 
table  35.  Area  variations  in  meal  yield  per  ton  of 
cottonseed  accounted  for  differences  in  meal- 
storage  requirements  for  the  same  daily  crush. 


Table  33. — Description  and  costs  of  building  and  equipment  units  in  meal  storage  houses  for  cottonseed 

oil  mills,  1949-50 


Approxi- 
mate 

weight 

Gross 
floor 
area 

Bagged 
meal  or 

slab  cake 
storage 

provision  1 

Cost  2 

Description  of  unit 

Delivered 

Construc- 
tion 

Total 

Building — 50  feet  wide: 3 

Ends  section — 10  feet  long. 

Center  section — 10  feet  long 
Doors  and  dock — 2  doors  and   10-foot  section 

unroofed  dock  (for  loading  bavs) . 
Continuous  dock — roofed: 

Ends  section — 20  feet  long__ 

Po unds 
11,  530 
4,463 

1,  149 

1,207 
493 

Sq.  ft. 
500 
500 

Tons 
68 
68 

Dollars 
2,010 
749 

580 

480 
167 
289 
457 

Dollars 
1,432 
568 

302 

461 

156 
245 

54 

Dollars 
3,442 
1,317 

882 

941 

Center  section — 10  feet  long 
Fire  cutoff  and  fire  door   _ 

323 

534 

Fire  hydrant  and  hose  house    _                  

511 

1  Bagged  meal   (100  pounds  per  bag)   stacked   12  bags 
high.     Slab  cake  stacked  5  feet  high. 

2  Memphis,  Tenn.,  pricing  point. 
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3  Varying  building  sizes  may  be  obtained  by  adding 
"center  section"  units  to  "ends  section." 

Source:  Data  obtained  through  contract  under  Agri- 
cultural Marketing  Act  of  1946  (RMA,  Title  II). 
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c3 

< 

o 
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Dollars 
13, 847 
17,046 

18,936 

25, 463 

27, 309 
29, 169 
31, 033 

35, 567 

39,  239 
42, 876 

50, 384 

53, 835 

3  a  a 

■«    1  ^    !  -°    1    !    !  3    1  3    !  £3  £P  -T   !    !        ;  ^  Q    ;  a    ;  o 

,§    ;S    ;S    |    ;    ;S    ;S    ;SSS    ;    ;  S    ;SS    I  S    :S 

Maximum 
meal  stor- 
age capac- 
ity re- 
quired ' 

Tons 
95  to  156 
179  to  248 

298  to  310 

452 

495 

655  to  578 

632 

596  to  733 

884 
1,020 

1,067 

1,195 

> 

03 

< 

o 
O 

Dollars 
13,847 

17, 046 

18, 936 

23, 577 

27, 309 

29, 169 
31,033 
35, 567 

37, 355 

42, 876 
50, 384 

53,835 

Build- 
ing 
symbol 

■a  *     !  J3     !     !  3     !  ■d     !  B     !   ai£  a     I     1  a    !   S   3     !     1°     1 

6S    iS    !    iS    is    ;  S    ;SSS    :    ;S     gg    ;    ;s    i 

Maximum 
meal  storage 
capacity  re- 
quired ' 

Tons 
133  to  156 

199  to  265 

331 

398  to  408 

530 

580 
663 
729 

796  to  816 

994 
1, 156 

1,193  to  1,292 

> 

M 

c3 
© 

o 
O 

Dollars 
13,847 

17,046 

18,936 

23, 577 

27, 309 

29, 169 
31, 033 
35,  567 

37, 355 

42, 876 
50, 384 

53, 835 

i4 

B  .a  a 

■§  a    ',  .a    ',    ',  o    ;  •&    ia    1  M  -3  a    1    !  a-    !  a  3    1    1  °    ! 
6£    iS    |    ;S    is    ;S    ;SS  S    j    |S    ;  g  g    ;    ;S    i 

Maximum 
meal  storage 
capacity  re- 
quired ' 

Tons 
132  to  156 

197  to  263 

329 

395  to  408 

526 

576 
658 
724 

790  to  816 

987 
1, 152 

1,184  to  1,292 

c3 
CO 

< 

o 
D 

Dollars 
13, 847 

17, 046 

18, 933 
23, 577 

27, 309 

29, 169 
31,033 

35, 567 

37, 355 
41,046 

50, 384 
53, 835 

^.a  a 

es  is  i  is  is  i  is  iss  is  ;ss  ;s  i  is 

Maximum 
meal  storage 
capacity  re- 
quired ' 

Tons 
125  to  156 

187  to  249 

312 
374  to  390 

499  to  544 

612 
680 

748 

779 
935 

1,091  to  1,122 
1,247 

>— 1 

03 
CD 

o 
D 

Dollars 
13, 847 

17,  046 

23, 577 
25, 463 
27, 309 

29, 169 
31,033 

37, 355 
39,  239 

Build- 
ing 
symbol 

.          i     ,          .ii,i                    i          ,     ,               ,          i     , 
"*3    I*3    1    1-°    I    11!    I  *3    ;o    ;•—    j    ibjo.3     |  — >;    '  m 
6    !  S     ;     ;  S     ;     ]              ;S:S;S;;SS;S;';S 

Maximum 
meal  stor- 
age capac- 
ity re- 
quired i 

Tons 
90  to  156 

179  to  272 

358  to  392 

448 

493  to  537 

560 
672 

784  to  806 

884 

c3 
CD 

<! 

o 
O 

Dollars 
13, 847 

17,046 

18, 936 

23, 577 
25, 463 

27, 309 
29, 169 
31,033 

35,567 
39,  239 
42, 876 

50, 384 

^1 

3.3  9 

■s  a    ',  x>    1    i    !  3    \  &  3    1  S  S3     1     Is    ',  ■*    IB    1    IS 
6S    ;  S    :    :    :  S    ;SS    ;  S  S  S    ;    j  S    jS    ;s    I    1  S 

Maximum 
meal  storage 
capacity  re- 
quired i 

Tons 
115  to  145 

175  to  235 

290  to  340 

365 
465 

510 
580 
640 

700  to  725 

870 

1,015  to  1,020 

1,156 

Size  of  mill  (tons 

crushed  per  day  at 

normal  operating 

rate) 

40  to  50 

40  to  75 

60  to  80 

80  to  1003 

80  to  125 

100 

100  to  120 

120  to  125- 

125.. 

ICO* 

160  to  175.. 

175 

200 

220 

220'to240 

240 

240  to  250 

250 

300 

350 

350  to  360... 

360 

360  to  400 . 

400s . 
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Storage  Warehouses  for  Baled  Linters  and  Miscellaneous 
Supplies 

A  series  of  18  houses  were  designed  for  meeting 
the  storage  requirements  for  baled  linters  and 
miscellaneous  supplies  of  each  mill. 

Structural  Features  of  Linters  Ware- 
houses. With  only  two  exceptions,  these  houses 
were  structurally  the  same  as  the  storage  houses  for 
bagged  meal,  previously  considered.  The  excep- 
tions were:  First,  only  the  single,  unroofed  loading- 
docks  were  provided  for  the  linters  house,  whereas 
the  continuous  dock  was  provided  in  addition  to 
the  single  docks  for  the  meal  house.  (The  loading- 
doors  and  dock  were  increased  with  every  six 
bays.)  This  proportion  was  determined  by  assum- 
ing that  two  50-foot  boxcars  could  be  spotted  at 
adjacent  doors  with  the  minimum  distance  of 
separation  between  the  cars.  Second,  since  the 
linters  house  was  situated  alongside  the  seed  house 
(fig.  3),  it  required  fewer  fire  hydrants  than  the 
meal  house,  which  was  a  continuation  of  the  mill 
building. 

Assumptions  Used  in  Calculating  Capac- 
ities of  Linters  Houses.  The  capacity  of  each 
linters  house  was  calculated  on  the  assumptions 
(1)  that  the  dimensions  of  the  bales  were  2X4X 
3.5  feet;  (2)  that  the  bales  were  stored  4  bales  high 
on  the  4X3.5  sides,  with  the  4-foot  dimension 
running  crosswise  of  the  building  and  with  a  2-foot 
passageway  alongside  each  row  of  bales;  and  (3) 
that  no  bales  were  stored  in  the  bays  containing 
the  loading  doors.  Under  these  assumptions,  each 
stack  of  4  bales  required  14  square  feet  of  floor 
area,  and  provision  of  the  2-foot-wide  aisles  resulted 


in  the  coverage  of  80  percent  of  the  floor  area 
in  the  storage  bays. 

Other  storage  patterns  would  result  in  about  the 
same  storage  capacity  for  each  bay  of  the  ware- 
bouse.  The  storage  capacity  for  baled  material 
of  each  bay  of  the  warehouse  was  about  the  same 
as  the  capacity  of  a  50-foot  boxcar.  This  fact 
was  used  in  making  additions  to  the  warehouse 
requirements  for  different  sizes  of  mills  for  storage 
of  bagging  and  ties. 

Rules  Used  in  Calculating  Requirements 
of  Linters  Warehouses  of  Individual  Mills. 
To  provide  enough  linters  storage  for  orderly  mar- 
keting, at  the  same  time  holding  investment  to 
a  minimum,  it  was  assumed  that  any  well- 
balanced  mill  would  require  storage  space  equiva- 
lent to  the  amount  of  linters  it  produced  during  a 
12-day  production  period,  and  the  number  of 
bales  equivalent  to  bagging  and  ties  storage 
requirement  as  given  below: 

Number  of 

linters  bales 

equivalent 

to  bigging 

and  ties 

storage 

Daily  crush  of  mills,  tons  requirements 

Under  160 244 

160  to  240 366 

240  to  320 488 

320  to  400 560 

Investment  Requirements.  Costs  of  build- 
ing and  equipment  units,  costs  of  individual  houses, 
and  investment  requirements  for  warehouse  for 
baled  linters  and  miscellaneous  supplies  for  partic- 
ular mills,  are  shown  in  tables  36  through  38. 


Table  36. — Description  and  costs  oj  building  and  equipment  units  of  storage  houses  for  baled  linters  and 

miscellaneous  supplies  for  cottonseed  oil  mills,  1949-50 


Approxi- 
mate 
weight 

Gross 
floor 
area 

Baled  linters 
and  mis- 
cellaneous 
supplies 
storage 
provision  ' 

Cost  2 

Description  of  unit 

Delivered 

Construc- 
tion 

Total 

Building — 50  feet  wide: 3 

Ends  section — 10  feet  long          _    - 

Pounds 
11,530 
4,463 

1,  149 

Sq.  ft. 
500 
500 

Bales 
112 

112 

Dollars 
2,010 
749 

580 
457 

Dollars 
1,432 
568 

302 
54 

Dollars 
3,  442 

Center  section — 10  feet  long 

1,  317 

Doors  and  dock — 2  doors  and  10-foot  section 

unroofed  dock  (for  loading  bays) 
Fire  hydrant  and  hose  house    _ 

882 

51] 

1  Stacked  4  bales  high. 

2  Memphis,  Tenn.,  pricing  point. 

3  Varying  building  sizes  may  be  obtained  by  adding  "center  section"  units  to  "ends  section." 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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Table  37. — Unit  requirements  and  total  costs  of  storage  houses  for  baled  linters  and  miscellaneous  supplies 

for  cottonseed  oil  mills,  by  size  of  house,  1949-50 


Size  of  house  ' 

Build- 
ing 
symbol 

Storage 
capacity 

Build- 
ing- 
ends 
section 
cost 2 

Building-center 
section 

Doors  and 
dock 

Fire  hydrant 

and  hose 

house 

Auto- 
matic 
sprinkler 
system 
cost 

Total 
cost  3 

Unit 

Cost2 

Unit 

Cost2 

Unit 

Cost2 

40  by  40  feet  * 

50  by  50  feet 

60  by  50  feet 

80  bv  50  feet 

90  bv  50  feet 

100  bv  50  feet 

110  bv  50  feet 

120  bv  50  feet 

140  bv  50  feet 

150  by  50  feet 

160  bv  50  feet 

170  bv  50  feet 

180  by  50  feet 

210  by  50  feet 

230  by  50  feet 

260  by  50  feet 

280  by  50  feet 

300  by  50  feet 

Code 

La 

Lb 

Lc 

Ld 

Le 

Lf 

Lg 

Lh 

Li 

Lj 

Lk 

LI 

Lm 

Ln 

Lo 

Lp 

Lq 

Lr 

Bales 

269 

448 

560 

672 

784 

896 

1,008 

1,  120 

1,  232 

1,  344 
1,456 
1,568 
1,680 
1,904 

2,  128 
2,352 
2,576 
2,  800 

Dollars 

Num- 
ber 

Dollars 

Num- 
ber 

Dollars 

Num- 
ber 

Dollars 

Dollars 

3,  322 
3,781 
4,017 
4,454 
4,653 
4,883 
5,060 
5,251 
5,613 
5,  773 

5,  936 

6,  134 
6,283 

6,  748 

7,  038 
7,510 
7,813 

8,  170 

Dollars 
10,  603 

3,442 
3,442 
3,442 
3,  442 
3,442 
3,442 
3,442 
3,442 
3,442 
3,  442 
3,442 
3,442 
3,442 
3,442 
3,442 
3,442 
3,  442 

4 

5 

7 

8 

9 

10 

11 

13 

14 

15 

16 

17 

20 

22 

25 

27 

29 

5,268 
6,  585 
9,219 

10,  536 

11,  853 

13,  170 

14,  487 

17,  121 

18,  438 

19,  755 

21,  072 

22,  389 
26,  340 
28,  974 
32,  925 
35,  559 
38,  193 

1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
5 
5 
5 

ss2 
882 
1,  764 
1,  764 
1,  764 
1,  764 

1,  764 

2,  646 
2,  646 
2,  646 
2,  646 

2,  646 

3,  528 
3,  528 
4,410 
4,410 
4,410 

2 

2 
2 
2 
.  2 
2 
2 
2 

511 

511 

511 

511 

511 

511 

511 

511 

511 

1,022 

1,022 

1,022 

1,022 

1,022 

1,022 

1,022 

1,022 

13, 884 
15,  437 

19,  390 

20,  906 

22,  453 

23,  947 
25,  455 

29,  333 

30,  810 
32,  801 
34,  316 
3.5,  782 
41,080 
44,  004 
49,  309 
52,  246 
55,  237 

1  Varying  building  sizes  obtained  by  adding  "building- 
center  section"  units  to  "building-ends  section." 

2  Unit  costs  of  building-ends  section,  building-center 
section,  doors  and  dock,  and  fire  hydrant  and  hose  house 
were  $3,442,  81,317,  $882,  and  $511,  respectively. 

3  Memphis,  Tenn.,  pricing  point. 


4  This  40-foot  building  was  included  to  provide  a  smaller 
warehouse  than  the  minimum  practical  length  that  a  50- 
foot  building  would  provide;  only  total  cost  for  40-foot 
building  was  available. 

Source:  Data  obtained  through  contract  under  Agri- 
cultural Marketing  Act  of  1946  (RMA,  Title  II). 


Table  38. — Investment  requirements  of  storage 
houses  for  baled  linters  and  miscellaneous  sup- 
plies for  cottonseed  oil  mills,  by  size  of  mill, 
1949-50 

[Based  on  table  37] 


Size  of  mill  (tons 
crushed  per  day 

at  normal 
operating  rate) 

Maximum 

storage 

capacity 

required  ' 

Building 
symbol 

Cost2 

40  to  60 _ 

75  to  100 

Bales 
360  to  430 

495  to  565 

635 

700  to  740 

885 

950 

1,020  to  1,090__ 
1,270  to  1,300__ 

1,475 

1,655_ 

Code 
Lb 
Lc 
Ld 
Le 
Lf 
Lg 
Lh 
Lj 
LI 
Lm 
Ln 
Lo 

Dollars 
13,  884 
15,  437 

120  to  125 

140  to  150 

160 

175  to  180 

200  to  220 

240  to  250 

300 

320 

19,  390 

20,  906 

22,  453 

23,  947 
25,  455 
30,  810 

34,  316 

35,  782 

350  to  360 

400 _______ 

1,790 

1,925    . 

41.  080 
44,  004 

1  Stacked  4  bales  high  and  based  on  12  days'  linters 
production  plus  bagging  and  ties  requirements  as  follows: 
Up  to  160  tons  per  day,  the  equivalent  in  linters  bales  of 
224  bales  of  bagging  and  ties;  from  160  to  240  tons  per 
day,  336  bales;  from  240  to  320  tons  per  day,  448  bales; 
and  for  320  to  400  tons  per  day,  560  bales. 

2  Memphis,  Tenn.,  pricing  point. 

Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 


Hull  Storage  Houses 

Fifteen  hull  houses  were  designed  to  meet 
requirements  for  hull  storage  of  any  mill  discussed 
in  this  report.  Each  house  had  a  water  main  on 
two  sides,  a  road,  drainage  ditch,  lighting,  and 
lighting  power  line  and  poles. 

Equipment  Units.  Each  house  included  two 
main  units  of  equipment:  (1)  An  overhead  con- 
veyor to  carry  the  hulls  from  the  mechanical  pre- 
treatment  department,  as  the  hullers  and  beaters 
separated  them  from  the  cottonseed  meats,  and 
(2)  a  pneumatic  conveying  system  to  transport 
the  hulls  to  railway  cars  or  trucks. 

Design.  Unlike  the  seed  houses,  no  hull  house 
included  a  tunnel  and  conveyor  in  the  tunnel,  nor 
an  air-cooling  system.  Yard  improvements  simi- 
lar to  those  for  seed  houses  were  included  in  the 
design  for  each  house. 

Size  op  Houses.  The  houses  fell  into  two  size 
groups — houses  40  feet  wide  ranging  from  50  to 
170  feet  long,  and  houses  60  feet  wide  ranging 
from  90  to  310  feet  in  length. 

The  group  of  40-foot-wide  houses  was  developed 
because  the  minimum  capacity  of  the  shortest 
60-foot-wide  house  was  found  to  be  considerably 
above  the  maximum  hull-storage  requirements  of 
very  small  mills. 

Investment  Requirements.  For  each  mill, 
enough  storage  capacity  was  provided  to  store  as 
much  as  2  weeks'  production  of  hulls.     Invest- 
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ment  requirements  of  individual  mills  for  hull 
houses  were  calculated  in  the  usual  manner  as 
indicated    in    tables    39    through    41.     Variation 


among  areas  in  hull  yields  accounted  for  differ- 
ences in  hull-house  requirements  of  mills  having 
the  same  daily  crush. 


Table  39. — Description  and  costs  of  building  and  machinery  units 

oil  mills,  1949-50 


in 


hull  storage  houses  for  cottonseed 


Unit 


Maxi- 
mum 
hull 
storage 
capacity 


Cost  ' 


Building 
installed 


Machinery 


De- 
livered 


Instal- 
lation 


Yard  improve- 
ments 


De- 
livered 


Instal- 
lation 


Total 


Minimum  length  house — 50  by  40  feet  2. 

Center  section — 20  by  40  feet 

Minimum  length  house — 70  by  60  feet  2. 

Center  section — 20  by  60  feet 

Fire  hydrant  and  hose  house 


Tons 
306 
128 
700 
233 


Dollars 
9,  965 
2,  727 

13^  867 
3,201 


Dollars 
2,480 

281 
3,452 

330 


Dollars 
685 
106 
953 
125 


Dollars 

1,490 

99 

2,  073 

115 

457 


Dollars 

1,463 

105 

2,  036 

123 

54 


1  Memphis,  Tenn.,  pricing  point. 

2  Varying  house  sizes  may  be  obtained  by  adding  "center  section"  units  to  minimum  length  house. 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 


Table  40. — Costs  of  hull  storage  houses  for  cottonseed  oil  mills,  by  size  of  house,  1949-50 


Dollars 

16,  083 

3,  318 

22,  381 

3,  894 

511 


Maximum 

hull 

storage 

capacity 

Symbol 

Cost » 

Size  of  house 

House  40  feet  wide  2 

House  60  feet  wide  2 

Fire 
hydrant 

Auto- 
matic 
sprinkler 
system 

Minimum 
length 

Center 
section 

Minimum 
length 

Center 
section 

Total 

50  by  40  feet ...   . 

Tons 

306 

434 

700 

925 

1,  175 

1,400 

1,625 

1,  850 

2,  100 
2,  325 
2,550 

2,  800 

3,  025 
3,  275 
3,  500 

Code 
Ha 
Hb 
He 
Hd 
He 
Hf 
Hg 
Hh 
Hi 
Hj 
Hk 
HI 
Hm 
Hn 
Ho 

Dollars 
16,  083 
16,  083 

Dollars 

Dollars 

Dollars 

Dollars 
1,022 
1,022 
1,022 
1,022 
1,022 
1,  022 
1,533 
1,  533 
1,533 
1,533 
1,  533 
1,  533 
1,  533 
1,533 
1,533 

Dollars 
1,325 
1,704 
2,324 
2,802 
3,245 
3,663 
4,083 
4,463 
4,829 
5,204 
5,558 
5,935 
6,321 
6,748 
7,  169 

Dollars 
18,  430 

70  by  40  feet 

3,318 

22,  127 

70  by  60  feet   ... 

22,  381 
22,  381 
22,  381 
22,  381 
22,  381 
22,  381 
22,  381 
22,  381 
22,  381 
22,  381 
22,  381 
22,  381 
22,  381 

3,  894 
7,788 
11,  682 
15,  576 
19,  470 
23,  364 
27,  258 
31,  152 
35,  046 
38,  940 
42,  834 
46,  728 

25,  727 

90  by  60  feet .. 

30,  099 

110  by  60  feet..      . 

34,  436 

130  by  60  feet 

150  by  60  feet      ._    .. 

38,  748 
43,  573 

170  by  60  feet 

47,  847 

190  by  60  feet.. 

52,  107 

210  by  60  feet... 

56,  376 

230  by  60  feet   _ . 

60,  624 

250  by  60  feet 

270  by  60  feet.    . 

64,  895 

69,  175 

290  by  60  feet    _ . 

73,  496 

310  by  60  feet 

77  811 

1  Memphis,  Tenn.,  pricing  point. 

2  Varying  house  sizes  may  be  obtained  by  adding  "center  section"  units  to  minimum  length  house. 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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Cottonseed-Oil  Storage  Tanks 

Storage  facilities  for  cottonseed  oil  were  grouped 
in  two-tank  units  of  widely  different  capacities. 
A  two-tank  unit  is  desirable,  as  it  permits  greater 
flexibility  of  operations.  In  the  interest  of  orderly 
marketing,  it  was  assumed  that  any  well-balanced 
plant  would  be  equipped  with  an  oil-storage 
capacity  equivalent  to  at  least  its  oil  output  over 
a  7-day  production  period.    In  these  terms: 

Minimum  oil  storage  =  7  (oil  yield  per  ton  of 
seed  X  tons  of  seed  processed  per  24  hours) . 


For  any  particular  mill,  that  two-tank  unit  was 
selected'  which  most  nearly  coincided  with  the 
mill's  weekly  oil  production.  Owing  to  the  wide 
difference  in  the  capacity  of  storage  tanks,  con- 
siderably more  storage  was  often  provided  than 
was  actually  required. 

Costs  of  two-tank  units  are  shown  in  table  42. 
(Piping  from  the  oil  extraction  department  to  the 
oil  storage  tanks  is  discussed  in  the  section  on 
service  piping.) 

Oil-storage  investment  requirements  for  in- 
dividual mills  by  areas  are  shown  in  table  43. 


Table  42. — Costs  of  oil  storage  tank  units  of  different  capacities  for  cottonseed  oil  mills,  at  specified  locations, 

1949-50 


Code 

Capacity 

Cost  at 2— 

Tank  unit  ] 

Memphis, 
Tenn. 

Atlanta, 
Ga. 

Dallas, 
Tex. 

Phoenix, 
Ariz. 

Bakers- 
field,  Calif. 

First-    _    - 

Second                    

Third 

A 
B 
C 

Pounds 
360,  000 
630,  000 

1,  650,  000 

Gallons 
48,  000 
84,  000 

220,  000 

Dollars 
7,  893 
9,  541 
14,  374 

Dollars 
7,793 
9,441 
14,  174 

Dollars 
8,493 
10,  141 
14,  974 

Dollars 
9,  093 
10,  941 
15,  874 

Dollars 
9,  193 
11,  141 
16,  274 

1  Each  unit  includes  2  tanks  of  equal  size,  connecting  piping  manifold,  tank  foundations,  and  dike. 

2  Includes  installation  charges. 

Source:  Data  obtained  through  contract  under  Agricultural  Maiketing  Act  of  1946  (RMA,  Title  II). 


Table  43. — Investment  requirements  of  cottonseed  oil  storage  tank  units  for  cottonseed  oil  mills,  in  mill 

areas  I  through  VI,  by  size  of  mill,  1949-50 

[Based  on  table  42] 


Size  of  mill  (tons  crushed  per 

Maximum  oil 
storage  re- 
quirement ' 

Investment  requirement  in — 

day  at  normal  operating  rate) 

Area  1 2 

Area  II 3 

Area  III 3 

Area  IV  3 

Area  V  4 

Area  VI 5 

40  to  160  6 

1,000  lb. 
80  to  360 
360  to  630 
630  to  1,  650 

Dollars 
7,793 
9,  441 
14,  174 

Dollars 
7,  893 
9,  541 
14,  374 

Dollars 
7,  893 
9,  541 
14,  374 

Dollars 
7,  893 
9,  541 
14,  374 

Dollars 
8,493 
10,  141 
14,  974 

Dollars 
9,  193 

170  to  280 

11,  141 

290  to  400 

16,  274 

1  Based  on  7  days,  oil  production.  1  oil  storage  tank  for 
each  of  the  3  ranges  of  oil  requirements  as  follows:  360,000 
pounds;  630,000  pounds;  and  1,650,000  pounds,  respec- 
tively. 

2  Atlanta,  Ga.,  pricing  point. 

3  Memphis,  Tenn.,  pricing  point. 

4  Dallas,  Tex.,  pricing  point. 


5  Bakersfield,  Calif.,  pricing  point. 

6  160-ton  prepress  solvent  mill  has  maximum  oil  storage 
requirement  of  approximately  400,000  pounds  and  there- 
fore falls  in  the  second  size  group. 

Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 
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GENERAL  SERVICE  DEPARTMENT 

The  general  service  department  included  a 
boilerroom,  a  locker  room,  and  a  machine  shop 
and  storeroom  housed  in  the  same  building  (figs.  3 
through  7).  The  machine  shop  occupied  the 
center  section  of  the  building,  whereas  the  boiler- 
room  was  placed  in  one  end  of  the  building  and  the 
locker  room  in  the  other  end.  This  building  was 
32  feet  wide  and  of  the  same  type  as  the  houses  for 
bagged  meal  and  baled  linters.  It  was  provided 
with  doors  and  windows  and  lighting  and  the  cost- 
unit  included  drainage  ditch,  water  main  along  1  side 
and  1  end,  road  and  parking  area,  and  sidewalks. 

BOILERROOM 

Boiler  Unit 

Eight  boiler  units  were  selected  to  meet  the 
steam  generating  requirements  of  different  mills. 
As  the  boilers  were  assumed  to  be  oil-fired,  the 
costs  of  each  boiler  unit  included  the  cost  of  the 
boiler,  a  building  section  to  house  the  boiler,  and  a 
fuel-oil  storage  tank  having  a  tank-car  unloading 
pump  and  connecting  piping. 

Boiler  Requirements  of  Individual  Mills 

The  boiler  capacities  required  for  mills  were 
calculated  by  adding  to  the  processing  horsepower 
hours  needed  per  day,  an  arbitrary  amount  of 
"surplus"  horsepower  to  take  care  of  miscel- 
laneous steam  requirements  such  as  heating  build- 
ings or  steam  cleaning.     (The  processing  require- 


ments per  ton  of  seed  per  day  were  0.25  boiler 
horsepower  for  hydraulic  and  screw-press  mills, 
0.67  for  prepress-solvent  mills,  and  0.93  for  direct- 
solvent  mills.)  The  boiler-horsepower  processing 
requirements  for  each  type  of  mill  were  based  on 
estimated  amounts  of  steam  required  per  ton  of 
seed  crushed,  considering  the  mill  as  operating  at 
its  normal  rate. 

As  there  were  only  eight  boiler  sizes  to  select 
from,,  it  was  often  necessary  to  provide  larger 
boilers  than  were  actually  required.  For  example, 
a  boiler  having  a  capacity  of  50  horsepower  per 
day  was  the  smallest  size  available.  This  size 
coincided  with  the  requirements  of  a  12-press 
hydraulic  mill.  A  very  large  amount  of  excess 
boiler  capacity  was,  therefore,  associated  with 
smaller  mills,  especially  a  4-press  mill. 

As  solvent  must  be  vaporized  from  the  oil  and 
meal,  the  steam,  and  hence  boiler,  requirements 
for  prepress  and  direct-solvent  mills  are  much 
greater  than  for  comparable  sizes  of  hydraulic  and 
screw-press  mills  where  the  steam  requirements 
are  mainly  limited  to  needs  for  cooking  cottonseed 
meats.  For  example,  a  20-press  (200-ton)  hy- 
draulic mill  required  a  boiler  having  a  capacity  of 
80  horsepower  per  day,  whereas  a  boiler  having  a 
capacity  of  200  horsepower  per  day  was  required 
by  a  200-ton  direct-solvent  mill. 

Investment  Requirements 

Boilerroom  investment  requirements  were  cal- 
culated in  the  usual  manner,  as  indicated  in 
tables  44  through  46. 


Table  44. — Cost  of  building  and  equipment  units  in  boilerroom  sections  of  general  service  buildings  for 

cottonseed  oil  mills,  1949-50 


Unit 


Approximate 
weight 


Cost  i 


Delivered 


Installation 


Total 


Building-center  section — 32  by  10  feet 

Fuel  oil  storage  tank  and  accessories  (24,000  gallons). 
Boiler  size  (steam  generating  capacity  per  day) : 

50  horsepower 

80  horsepower 

100  horsepower^ 


125  horsepower. 
150  horsepower. 
200  horsepower  _ 
300  horsepower. 
400  horsepower. 


Pounds 


7,500 
10,  000 
15,  000 
18,  000 
20,  000 
25,  300 
35,  400 
43,  000 


Dollars 

710 
3,  701 

3,  909 

5,054 

6,  944 

7,398 

8,536 

11,644 

14,  527 

17,  084 


Dollars 
441 
758 

774 

994 

1,354 

1,  434 
1,655 
2,295 

2,  870 
3,384 


Dollars 
1,  151 
4,459 

4,683 

6,048 

8,298 

8,832 

10,  191 

13,  939 

17,  397 

20,  468 


1  Memphis,  Tenn.,  pricing  point. 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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Table  45. — Cost  of  boilerroom  sections  of  general  service  rooms  for  cottonseed  oil  mills,  at  specified  locations, 

by  size  of  boiler,  1.949-50 


Size  of  boiler  (steam 
generating  capacity 
per    day:    Boiler 
horsepower) 

Fuel  oil 

storage 

tank  and 

accessories 

cost 

Building-center 
section 

Boiler 
cost 

Total  cost  at— 

Unit 

Cost 

Memphis, 
Term.  ' 

Atlanta, 
Ga. 

Dallas, 
Tex. 

Phoenix, 
Ariz. 

Bakers- 
field, 
Calif. 

50 -__ 

Dollars 
4,  459 
4,  459 
4,  459 
4,  459 
4,  459 
4,  459 
4,  459 
4,  459 

No. 

1 
1 
1 
1 
1 
1 
2 
2 

Dollars 
1,  151 
1,  151 
1,  151 
1,  151 
1,  151 

1,  151 

2,  302 
2,  302 

Dollars 

4,  683 

6,  048 

8,  298 

8,  838 

10,  191 

1 3,  939 

1 7,  397 

20,  468 

Dollars 

10,  293 

11,  658 

13,  908 

14,  442 

15,  801 
19,  549 
24,  158 
27,  229 

Dollars 

10,  281 

11,  659 

13,  934 

14,  482 

15,  852 
19,  572 
24,  209 
27,  301 

Dollars 
10,  677 
12,  071 
14,  377 
14,  944 
16,  326 
20,  319 
24,  690 
27,  811 

Dollars 

11,  102 

12,  537 

14,  923 

15,  540 

1 6,  954 
20,  751 
25,  599 
28,  399 

Dollars 
11,  202 

80 

12,  652 

100 

125 

150 

200 

15,  044 
15,  673 
17,  081 
20,  801 

300 ■ 

400 

25,  649 

28,  449 

1  Memphis,  Tenn.,  was  used  as  pricing  point  for  indi- 
vidual items.  Differences  from  the  Memphis  totals  at 
the  other  pricing  points  were  owing  to  differences  in 
delivered  cost  of  equipment. 


Source:   Data  obtained   through   contract   under   Agri- 
cultural Marketing  Act  of  1946  (RMA,  Title  II). 


Table  4fi. — Investment  requirements  of  boilerrooms  for  cottonseed  oil  mills,  in  mill  areas  I  through  VI, 

by  type  and  size  of  mill  at  normal  crushing  rate,  1949-50 


[Based  on  table  45] 


Type  and  size  of  mill  at  normal 
crushing  rate 


Hydraulic  and  screw-press  mills: 

25  to  120  tons  per  dav 

125  to  220  tons  per  dav.. 
240  to  300  tons  per  day.__ 

320  to  400  tons  per  day._^ 

Prepress-solvent  mills: 

40  tons  per  day 

80  tons  per  day 

1 60  tons  per  day 

240  tons  per  day 

400  tons  per  day 

Direct-solvent  mills: 

50  tons  per  day 

1 00  tons  per  day 

200  tons  per  day 

300  tons  per  day 

400  tons  per  day 


Steam 
gener- 
ating 
capacity 
required 
per  day  ' 


B.  hp. 

1  to  50 

1  to  80 

85  to 

100 

105  to 

125 

42 

69 

128 

187 

297 

62 
108 
207 
305 
399 


Steam 
gener- 
ating 
capacity 
of  boiler 
per  day 


Hp. 
50 

80 
100 

125 


50 

80 
125 
200 
300 

80 
125 
200 
300 
400 


Building 
symbol 


Code 
Bl 
B2 
B3 

B4 


Bl 
B2 
B4 
B6 
B7 

B2 
B4 
B6 
B7 
B8 


Investment  requirement  in- 


Area  I; 


Dollars 

10,  281 

11,  659 

13,  934 

14,  482 


10,281 
11,  659 
14,  482 
19,  572 
24,  209 

11,  659 
14,  482 
19,  572 
24,  209 
27,  301 


Area  I I 3 


Dollars 

10,  293 

11,  658 

13,  908 

14,  442 


10, 293 
11,  658 
14,  442 
19,  549 
24,  158 

11, 658 
14,  442 
19,  549 
24,  158 
27,  229 


Arealll3 


Dollars 

10,  293 

11,  658 

13,  908 

14,  442 


10,  293 

11,  658 
14,  442 
19,  549 
24,  158 

11,  658 
14,  442 
19,  549 
24,  158 

27,  229 


Area  IV3 


Dollars 

10,  293 

11,  658 

13,  908 

14,  442 


10,  29.3 

11,  658 
14,  442 
19,  549 
24,  158 

11,  658 
14,  442 
19,  549 
24,  158 

27,  229 


Area  V4 


Dollars 
10,  677 
12,071 
14,  377 

14,  944 


10,  677 
12,  071 
14,  944 
20,  319 
24,  690 

12,  071 
14,  944 
20,  319 
24,  690 
27,811 


Area  VI ; 


Dollars 

11,  202 

12,  652 
15,  044 

15,  673 


1  1 , 202 
12,  652 
15,  673 
20,  801 
25,  649 

12,  652 
15,  673 
20,  801 
25,  649 

28,  449 


1  Steam  generating  requirements  for  processing  seed  were 
as  follows:  0.25  boiler  horsepower  per  ton  of  seed  per  day 
for  hydraulic  and  screw  press  mills;  0.67  boiler  horsepower 
per  ton  of  seed  per  day  for  prepress-solvent  mills;  and  0.93 
boiler  horsepower  per  ton  of  seed  per  day  for  direct-solvent 
mills.  To  the  total  boiler  horsepower  for  processing  the 
following  were  added  for  other  uses:  15  boiler  horsepower 
for  mills  processing  up  to  and  including  100  tons  per  day; 


20  boiler  horsepower  for  mills  processing  between  100  and 
200  tons  per  day;  and  25  boiler  horsepower  for  larger  mills. 

2  Atlanta,  Ga..  pricing  point. 

3  Memphis,  Tenn.,  pricing  point. 

4  Dallas,  Tex.,  pricing  point. 

5  Bakersfield,  Calif.,  pricing  point. 

Source:   Data  obtained   through   contract   under   Agri- 
cultural Marketing  Act  of  1946  (RMA,  Title  II). 
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LOCKER  ROOM 

To  service  the  needs  of  workers  for  space  to 
keep  personal  belongings,  locker  rooms  of  16 
sizes  were  designed  to  meet  the  requirements  of 
different  mills.  The  smallest  room  was  designed 
to  accommodate  9  men  per  24  hours  and  each 
next  larger  room  was  designed  to  accommodate  9 
additional  men  for  the  same  time  period.  The 
dimensions  of  these  rooms,  the  number  of  men 
each  will  serve  per  24  horns,  and  the  value  of  the 
building,  lockers,  and  plumbing  fixtures  are  shown 
in  table  48.  One  locker  was  provided  per  produc- 
tion worker  per  24  hours.  The  number  of  pro- 
duction workers  provided  with  lockers  was  calcu- 
lated on  the  assumption  of  mills  operating  at  their 
normal  rates.  There  would  be  a  shortage  of 
lockers  if  mills  were  run  at  faster  rates,  and  a 
surplus  at  slower  rates. 

Investment  requirements  for  locker  rooms  arc- 
shown  in  tables  47  through  49. 


Table  47. — Cost  of  building  and  equipment  units 
in  locker  room  section  of  general  service  building 


for  cottonseed  oil  mills,  1949-50 

Cost  » 

Unit 

Deliv- 
ered 

Instal- 
lation 

Total 

Building:  2 

Ends     section — 10     by 
32  feet 

Dollars 

2.  375 

86 

14 

100 

457 

Dollars 

2,  601 

61 

3 

100 

54 

Dollars 
4,  976 

Center    section — 1     by 
32  feet.. 

147 

Locker                   _ 
Plumbing  fixtures 
Fire  hvdrant 

17 
200 
511 

1  Memphis,  Tenn.,  pricing  point. 

2  Varying   building   sizes   may    be   obtained   by   adding 
"center  section"  unit  to  "ends  section"  unit. 

Source:   Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA.  Title  II). 


Table  48. — Costs  of  locker  room  sections  of  general  service  buildings  for  cottonseed  oil  mills,  by  number  of 

men  served  per  day,  1949-50 


Men  served 
per  day 

(number) 


Length 

32 '-vide  BuildinS 
?-.".  symbol 
building 

section  ' 


Building- 
ends 
section 
cost 


Building-cen- 
ter section 


Unit     Cost  2 


Lacker 


Unit     Cost  2 


Plumbing 
fixtures 


Unit     Cost 


Fire  hy- 
drant 
cost 


Unallo- 
cated 
cost  3 


Total 
cost  4 


9 

18_. 

27_. 

36.. 

45.. 

54_. 

63.. 

72_. 

81_. 

90.. 

99.. 

108 

117 

126 

135 

144 


Feet 
10 
10 
25 
25 
33 
33 
33 
38 
38 
46 
52 
52 
57 
57 
63 
63 


Code 

LI 

L2 

L3 

1,4 

L5 

L6 

L7 

l.s 

L9 

L10 

Lll 

L12 

L13 

L14 

L15 

L16 


Dollars 
4,  976 
4,  976 
4,  976 
4,  976 
4,  976 
4.  976 
4,  976 
4,  976 
4,  976 
4,  976 
4,  976 
4,  976 
4,  976 
4,  976 
4,  976 
4,  976 


Xo. 


Dollars 


15 
15 
23 

23 
23 
28 
'is 
36 
42 
42 
47 
47 
53 
53 


2,  205 

2,  205 

3,  381 
3,  381 

3,  381 

4,  116 

4,  116 

5,  292 

6,  174 
6,  174 
6,  909 

6,  909 

7,  791 
7,  791 


No. 

9 

18 

27 

36 

45 

54 

63 

72 

81 

90 

99 

108 

117 

126 

135 

144 


Dollars 

153 

306 

459 

612 

765 

918 

1,  071 

1,  224 

1,377 

1,  530 

1,  683 

1,836 

1,  989 

2,  142 
2,  295 
2,448 


Xo. 

4 

4 

9 

9 

9 

12 

16 

lti 

17 

20 

23 

23 

24 

27 

30 

30 


Dollars 

800 

800 

1,  800 

1,  800 

1,  800 

2,  400 
3,200 

3,  200 

3.  400 

4,  000 
4,  600 
4,  600 

4,  800 

5,  400 

6,  000 
6,  000 


Dollars 
511 
.511 
511 
511 
511 
511 
511 
511 
511 
511 
511 
511 
511 
511 
511 
511 


Dollars 
182 
182 
365 
365 
396 
396 
396 
396 
396 
427 
435 
435 
444 
444 
463 
463 


Dollars 
6,  622 
6,  775 
10,  316 

10,  469 

11,  829 

12,  582 

13,  535 

14,  423 
14,  776 
16,  736 
1 8,  379 

18,  532 

19,  629 

20,  382 
22,  036 
22,  189 


1  Varying   building   sizes    may    be    obtained    by   adding 
'"center  section"  units  to  "ends  section"  unit. 

2  Unit    costs    of    building-center    section,    locker,    and 
plumbing  fixtures  are  $147,  $17,  and  $200,  respectively. 


3  Miscellaneous  costs  of  general  service  building. 

4  Memphis,  Tenn..  pricing  point. 

Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 
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Table  49. — Investment  requirements  for  locker 
rooms  for  men  employed  at  cottonseed  oil  mills,  by 
type  and  size  of  mills  operating  at  normal  rates, 
1949-50 

[Based  on  table  48] 


Type  and  size  of  mill  at 
normal  crushing  rate 


Hydraulic: 

40  to  60  tons  per  day__ 

80  tons  per  dav_- 

100  to  120  ton's  per  day.. 

160  tons  per  dav_ . 

200  to  220  tons  per  day__ 

240  tons  per  day 

300  tons  per  dav__ 

360  to  400  tons  per  day__ 

Screw  press: 

50  tons  per  day 

75  to  100  tons  per  day 

125  tons  per  day 

175  to  200  tons  per  day__ 
250  tons  per  day  _ . 

300  tons  per  day 

350  tons  per  day 

400  tons  per  day 

Direct  solvent: 

50  tons  per  day__ 

100  tons  per  day 

200  tons  per  day 

300  tons  per  day 

400  tons  per  day 

Prepress  solvent: 

40  to  80  tons  per  day 

160  tons  per  day 

240  tons  per  day 

400  tons  per  day 


Men  re- 
quired 
per  day  l 

Build 
ing 

sym- 
bol 

Number 

Code 

30  to  36 

U 

42 

U 

48  to  51 

U 

63 

L7 

78  to  81 

U 

84 

L10 

102 

Li2 

120  to  126 

Ll4 

24 

U 

30  to  34 

u 

37 

u 

46  to  50 

u 

60 

L7 

67 

L8 

76 

L9 

83 

Lio 

27 

U 

36 

u 

51 

u 

66 

u 

81 

u 

30  to  36 

u 

49 

u 

63 

L7 

87 

Liu 

Cost. 


Dollars 

10,  469 

11,  829 

12,  582 

13,  535 

14,  776 
16,  736 
18,  532 
20,  382 

10,  316 

10,  469 

11,  829 

12,  582 

13,  535 

14,  423 
14,  776 
16,  736 

10,316 
10,  469 

12,  582 
14,  423 
14,  776 

10,  469 
12,  582 
13, 535 
16,  736 


1  Based  on  number  of  production  workers  required  per 
24  houis. 

2  Memphis,  Tenn.,  pricing  point. 

Source:   Data   obtained   through   contract   under   Agri- 
cultural Marketing  Act  of  1946  (RMA,  Title  II). 

Table  50. — Investment  requirements  of  storeroom  and 
for  cottonseed  oil  mills,  by  size  of  mill 


MACHINE  SHOP  AND  STOREROOM 

Three  rooms  were  designed  in  meeting  the  store- 
room and  machine-shop  requirements  of  different 
mills.  These  units  are  shown  in  table  50  in  terms 
of  their  building  equipment  and  total  investment 
costs. 

As  there  is  no  exact  relationship  between  the 
size  of  these  units  and  the  size  of  mill,  machine 
shop  and  storeroom  costs  were  estimated  merely 
for  small,  medium,  and  large  mills,  processing, 
at  their  normal  processing  rates,  up  to  100  tons, 
100  to  250  Ions,  and  260  to  400  tons  of  seed  per 
day,  respectively. 

ELECTRIC  SUBSTATION 

Twelve  power  substations,  ranging  from  255  to 
3,400  kilowatts  were  used  in  meeting  the  require- 
ments of  the  various  types  and  sizes  of  mills.  These 
stations  in  terms  of  the  type,  number,  and  size  of 
transformers  and  cost,  are  shown  in  table  51. 

In  designing  these  substations,  electric  power 
for  mills  was  assumed  to  be  stepped  down  at  a 
substation  on  the  mill  property  to  440  volts  with 
a  3-wire  system  for  3-phase  power  and  to  220 
volts  with  a  3-wire  system  for  single-phase  lighting 
and  power.  Transmission  throughout  the  mill 
would  be  at  these  voltages.  This  conforms  with 
general  practice  in  the  cottonseed-crushing  indus- 

tr>7- 

Costs  were  made  up  on  different  sizes  of  high 

und  low  voltage  transformers  and  on  auxiliary 
equipment  to  serve  and  connect  a  bank  of  3 
single-phase  high-voltage  transformers  and  1  low- 
voltage  transformer. 

Substations  of  more  than  1,000  kilovolt-amperes 
in  size  were  made  up  by  combining  additional 
transformers  and  additional  auxiliary  units.    These 

machine  shop  sections  of  general  service  buildings 
and  description  of  units,  1949-50 


Size  of  mill  and  description  of  unit 


Smal 


Building  unit 

Storeroom  equipment 

Machine  shop  equipment. 

Medium  mill  3 


Building  unit 

Storeroom  equipment 

Machine  shop  equipment. 

Large  mill  4 


Building  unit 

Storeroom  equipment 

Machine  shop  equipment- 


Floor 
area 


Sq.  ft. 


2,  (ISO 


2,  944 


4,  096 


Cost  i 


Delivered        Installation 


Dollars 
24,  314 


6,012 

12,  861 

5,441 


40,  637 


8,881 
19,  755 
12,  001 


62,  366 


12,  432 
26,  928 
23,  006 


Dollars 
5,334 


3,  430 

790 

1,  114 


8,  345 


4,  733 

1,  173 

2,  439 


1 2,  625 


6,  401 
1,  571 
4,  653 


Total 


Dollars 
29,  648 


9,  442 

13,  651 

6,  555 


is  'is- 


lS,  614 
20,  928 
14,  440 


74,  991 


18,  833 
28,  499 
27,  659 


Includes  mills  operating  at  260  to  400  tons  per  day  at 
normal  rate. 

Source:  Data   obtained   through   contract   under   Agri- 
cultural Marketing  Act  of  1946  (RMA,  Title  II). 


1  Memphis,  Tenn.,  pricing  point. 

2  Includes  mills  operating  at  100  tons  per  day,  and  less, 
at  normal  rate. 

3  Includes  mills  operating  at  110  to  250  tons  per  day  at 
noimal  rate. 
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sizes  are  given  in  terms  of  3-phase  power  at  0.85 
power  factor  and  in  terms  of  rated  3-phase  kilovolt- 
amperes.  The  total  costs  include  the  cost  of 
equipment  for  single-phase  power. 

The  sizes  of  transformers  required  to  supply  the 
220-volt  single-phase  system  were  calculated  by 
assuming  the  220-volt  kilovolt-ampere  require- 
ment bore  the  same  relationship  to  the  440-volt 
kilovolt-ampere  requirements  as  the  kilovolt- 
ampere  power  for  the  lighting,  installed  in  all 
buildings  except  seed  houses,  bore  to  the  kilovolt- 
ampere  requirements  of  all  motors  at  full  load 
except  those  in  the  seed  houses.  Investment 
requirements  are  shown  in  table  52  for  mills 
crushing  specified  volumes  of  seed. 


Table  52. — Investment  requirement*  of  electric  sub- 
stations jor  cottonseed  oil  mills  crushing  specified 
volumes  of  seed  annually,  1949-50 

[Based  on  table  51] 
ANNUAL   CRUSH:  10,600  TONS 


Size 

of  mill 

Maxi- 

(seed 
crushed 

Length 
of  oper- 
ating 
season  ' 

mum 
elecl  i  ic 

Mill 

per  day 
at  nor- 
mal op- 

power 

demand 

re- 

Cost.3 

erating 

quired2 

rate) 

Kilo- 

Prepress solvent : 

Tons 

Months 

watts 

Dollars 

Plant  1 

40 

12.  0 

253 

16,  772 

Plant  2 

80 

6.  0 

405 

1 8,  423 

Direct  solvent : 

Plant  1. 

50 

9.  6 

241 

1  6,  772 

Plant  2 

100 

4.  8 

382 

18,  423 

Screw  press: 

2  press 

50 

9.  6 

320 

1 8,  423 

3  press 

75 

6.  4 

437 

20,  125 

Hydraulic: 

40 

12.  0 

219 

1 6,  772 

60 

8.  0 

279 

18,  423 

8  press 

80 

6.  0 

339 

18,  423 

ANNUAL  CRUSH:  13,200  TONS 


Direct  solvent: 

Plant  1__ 

Plant  2__ 
Prepress  solvent:  Plant 

2__ 
Screw  press: 

2  press 

3  press ■__ 

4  press 

Hydraulic: 

6  press 

8  press 


50 
100 

12.  0 
6.  0 

291 
382 

80 

7.5 

405 

50 

75 

100 

12.  0 
8.  0 
6.  0 

370 

437 
540 

60 
80 

10.  0 

7.  5 

279 
339 

18,  423 
18,  423 

18,423 

18,  423 
20,  125 
20,  125 

18,  423 
18,  423 


Table  52. — Investment  requirements  of  electric  sub- 
stations for  cottonseed  oil  mills  crushing  specified 
volumes  of  seed  annua//;/,  1949—50 — Continued 

[Based  on  table  511 

ANNUAL  CRUSH:  21,100  TONS 


Size 

of  mill 

Maxi- 

(seed 
crushed 

Length 
of  oper- 
ating 

mum 
electric 

Mill 

per  dav 

power 

Cost  3 

at  nor- 

demand 

mal  op- 

season ' 

re- 

erating 

quired  '-' 

rate) 

Kilo- 

Prepress solvenl : 

Tons 

Months 

watts 

Dollars 

Plant  2__ 

80 

12.  0 

505 

20,  125 

Plant  3 

160 
LOO 

6.0 

9.  6 

761 
482 

23,  035 

Direct  solvent:  Plant  2. 

20,  125 

Screw  press: 

100 

125 

9.  6 

7.  7 

640 

742 

20   125 

5  press 

23,  035 

Hydraulic: 

8  press    _  _        _ 

80 

12.  0 

439 

20,  125 

10  press 

100 

9.  6 

498 

20,  125 

1 2  press 

120 

8.  0 

558 

20,  125 

ANNUAL  CRUSH:  26,400  TONS 


Direct  solvent: 

Plant  2__ 

Plant  3__ 
Prepress  solvent:  Plant 

3 "- 
Screw  press: 

4  press 

5  press 

Hydraulic: 

10  press  _ . 

12  press 


100 
200 

12.  0 
6.  0 

532 

763 

160 

7.  5 

811 

100 
125 

12.  0 
9.  6 

690 

742 

100 
120 

12.  0 
10.  0 

548 
558 

ANNUAL  CRUSH:  42,200  TONS 


Prepress  solvent:  Plant 

3__ 
Direct,  solvent:  Plant  3 
Screw  press: 

7  press 

8  press 

Hydraulic: 

16  press  _  _ 
22  press  _  _ 
24  press 


ANNUAL  CRUSH:  52,800  TONS 


Direct  solvent:  Plant.  3 
Prepress  solvent :  Plant 

4.. 
Screw  press: 

8  press.  _ 

10  press 

Hydraulic: 

20  press 

22  press.  _ 

24  press 


20,  125 
23,  035 

23,  035 

23,  035 
23,  035 

20,  1 25 
20,  125 


Kid 

12.  0 

ill  1 

200 

9.  6 

863 

175 

11.  0 

1,077 

200 

9.  6 

1,  180 

160 

12.  0 

827 

220 

8.  7 

956 

240 

8.  0 

1,  016 

37,  840 
37,  840 

39,  542 
39,  542 

23,  025 
37,  840 
37,  840 


200 

12.  0 

1,013 

240 

10.  0 

1,  316 

200 
250 

12.  0 
9.  6 

1,330 

1,  500 

200 
220 
240 

12.  0 
10.  9 
10.  0 

1,047 
1,  056 
1,  116 

37,  840 
43,  160 

43,  160 

44,  576 

37,  840 

37,  840 
39,  542 


See  footnotes  at  end  of  table. 


See  footnotes  at  end  of  table. 
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Table  52. — Investment  requirements  of  electric  sub- 
stations for  cottonseed  oil  mills  crushing  specified 
volumes  of  seed  annually,  1949-50 — Continued 

[Based  on  table  51] 
ANNUAL  CRUSH:  63,400  TONS 


Size 
of  mill 

Maxi- 

(seed 

Length 

mum 

crushed 

of  oper- 

electric 

Mill 

per  day 

ating 

power 

Cost3 

at  nor- 

season ' 

demand 

mal  op- 

re- 

erating; 
rate) 

quired  2 

Kilo- 

Prepress solvent:  Plant 

Tons 

Months 

watts 

Dollars 

4 . 

240 

12.  0 

1,  366 

43,  160 

Direct  solvent : 

Plant  4 

300 

9.  6 

1,295 

43,  160 

Plant  5 

400 

7.  2 

1,527 

44,  576 

Screw  press: 

10  press 

250 

11.  5 

1,  550 

44,  576 

12  press 

300 

9  6 

1    770 

48  747 

Hydraulic:  24  press 

240 

12.  0 

1,  166 

39,  542 

ANNUAL  CRUSH:  79,200  TONS 


Direct  solvent: 

Plant  4_. 

Plant  5— 
Prepress  solvent:  Plant 

5-. 
Screw  press: 

1 2  press . . 

14  press 

Hydraulic: 

30  press 

36  press    . 

40  press 


300 

12.  0 

1,445 

400 

9.  0 

1,  677 

400 

9.  0 

2,  077 

300 

12.  0 

1,920 

350 

10.  3 

2,  105 

300 

12.  0 

1,  495 

360 

10.  0 

1,  624 

400 

9.  0 

1,  743 

43,  160 

44,  576 

48,  747 

48,  747 

48,  747 

44,  576 
44,  576 

48,  747 


ANNUAL  CRUSH:  105,600  TONS 


Prepress  solvent:  Plant 

5__ 
Direct  solvent:  Plant  5. 
Screw  press:  16  press. _. 
Hydraulic:  40  press 


400 

12.  0 

2,  327 

400 

12.  0 

1,  927 

400 

12.  0 

2,  560 

400 

12.  0 

1,993 

56,  939 
48,  747 
71,  497 
48,  747 


1  Averaging  22  24-honr  working  days  per  month. 

2  Based  on  calculations  of  kilowatt  power  demand  re- 
quired during  any  15-minute  period  for  the  unloading, 
storing,  and  processing  of  seed.  It  was  assumed  that  meal 
grinding,  pelleting,  or  sacking  would  be  performed  during 
periods  of  low  demand  in  such  a  way  that  the  total  demand 
for  power  would  not  be  altered. 

3  Memphis,  Tenn.,  pricing  point. 

Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 

SERVICE  PIPING 

To  a  large  degree,  the  machinery  and  building 
units  were  made  up  so  that  they  could  be  put 
together  in  different  ways  from  the  original  design 
and  still  cost  about  the  same.  To  carry  out  this 
plan,  certain  items,  such  as  connecting  piping,  the 
quantity  and  cost  of  which  would  depend  on  the 


layout,  were  grouped  in  units.  In  estimating  the 
costs  for  a  different  layout  of  buildings  or  ma- 
chinery, the  units  containing  these  connecting 
items  would  be  the  only  ones  that  would  need  to 
be  changed.  These  costs  include  oil,  steam,  and 
water  piping  between  buildings,  trestles  to  carry 
piping  across  the  railroad  tracks  between  the  mill 
building  and  the  service  building,  sewer  lines,  cost, 
for  connecting  the  fire  main  to  the  municipal  water 
system,  control  valves  in  the  fire  main,  and  other 
similar  items. 

Variations  in  these  cost  requirements  are  slight 
for  small  differences  in  size  of  mills.  All  mills  were 
grouped  into  "small,"  "medium,"  and  "large"  in 
determining  costs,  as  indicated  in  table  53,  assum- 
ing each  mill  was  operated  at  its  normal  rate. 

Table  53. — Costs  of  service,  piping  for  cottonseed  oil 
mills,  by  type  and  size  of  mill,  1949-50 


Type  and  size  of  mill  ' 


Hydraulic: 

Small 

Medium 

Large 

Screw  press: 

Small 

Medium.  _ 
Large 

Direct  solvent: 

Small 

Medium 

Large 

Prepress  solvent 

Small 

Medium 

Large 


Cost 


De- 
livered 


Dollars 

4,737 

5,287 
6,  205 

4,050 

4,  456 
5,000 

5,  562 

6,  258 

7,  744 

5,562 

6,  258 

7,  744 


Instal- 
lation 


Dollars 

4,631 
5,  891 

7,  605 

4,  486 

5,  542 

6,  782 

5,  723 

(i,  931 

8,  827 

5,  723 

6,  931 
8,  827 


Total 


Dollars 

9,368 
11,  178 
13,810 

8,536 

9,  998 
11,  782 

11,285 
13,  189 
16,  571 

11,285 
13,  189 
16,571 


Small  mills  crush  Kill  tons  of  coitonseed  per  da\  and 
less;  medium  mills  crush  110  to  250  tons;  and  large  mills 
crush  260  to  400  tons  per  day.  All  mills  assumed  to  be 
operating  at  their  normal  rates. 

2  These  costs  cover  piping  requirements  for  steam,  water, 
and  oil  lines  to  processing  departments,  sanitary  water 
main,  sewer  lines,  connection  of  fire  main  to  municipal 
system,  control  valves  in  fire  main,  and  other  items  of 
similar  nature.  These  costs  would  be  approximately  the 
same  for  Memphis,  Tenn.;  Atlanta,  Ga.;  Dallas,  Tex.; 
Phoenix,  Ariz.;  and  Bakersfield,  Calif.,  pricing  points. 

Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 

MISCELLANEOUS  FACILITIES 

There  are  a  number  of  other  capital  items, 
required  by  any  mill,  which  may  be  most  con- 
veniently discussed  under  the  general  heading  of 
miscellaneous  items.  These  include  a  vehicle  shed, 
seed-sampling  building,  office  building  and  furni- 
ture and  supplies,  railroad-scale  house  and  oil- 
unloading  station,  railroad  scale,  railroad  track 
and  switches,  truck  scale,  (rucks  and  automobiles, 
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sundry    equipment,    and    a    fire-protection    tank 
(provided    only    for    hydraulic    and    screw-press 

mills). 

There  is  no  known  exact  relationship  between 
the  size  of  mil]  and  the  needed  amount  of  each  of 
these  miscellaneous  facilities.  Therefore,  as  in  the 
case  of  the  storeroom  and  machine  shops,  the 
amount  and  cost  of  each  of  these  facilities  have 
been  estimated  merely  for  small,  medium,  and 
large  mills,  as  previously  defined  A  summary 
of  these  estimates  is  shown  in  table  54,  except  for 
the  cosl  of  the  fire-protection  tank  which  is  shown 
in  table  55.  The  way  in  which  this  summary  was 
reached  for  each  item  is  briefly  described  in  the 
following  paragraphs. 

SEED-SAMPLING   UNIT 

In  areas  where  seed  is  sold  on  the  basis  of  grade , 
facilities  should  be  provided  to  handle  and  store 
seed  samples.  The  three  units  of  different  sizes 
designed  for  this  purpose  included  concrete  block 
buildings,  each  with  a  shed  along  one  side.  Also, 
each  building  included  sample  preparation  instru- 
ments and  equipment . 


OFFICE  BUILDING 

The  administrative  office  was  assumed  to  be  a 
single-story  frame  building  with  asbestos  shingle 
siding  and  asphalt  shingle  roof. 

Costs  of  each  building  were  estimated  by  laying 
out  floor  plans  and  applying  a  cost  of  $9  per  square 
foot.  The  cost  thus  computed  included  the  cost 
of  the  building  with  heating  and  air  conditioning. 
Furniture  and  supplies,  landscaping,  and  a  parking 
lot  were  estimated  separately. 

RAILROAD-SCALE    HOUSE    AND    OIL-LOADING 
STATION 

The  housing  for  the  railroad-scale  beam  was 
placed  at  one  end  of  the  loading  dock,  alongside 
the  mill  building.  Within  the  same  structure 
were  the  control  valves  for  loading  oil  into  tank 
cars,  and  the  costs  for  this  installation  were  com- 
bined into  the  railroad-scale  house  and  oil-loading 
station. 

Each  of  these  three  houses  is  shown  in  table  54 
in  terms  of  the  size  range  of  mills  it  is  designed  to 
accommodate. 


Table  54. — Costs  of  miscellaneous  items  for  cottonseed  oil  mills,  by  cost  item  and  size  of  mill,  1949-50  1 


Building 

Equipment 

Cost  item  and  size  of  mill 

Gross 
area 

Materials 

Construc- 
tion 

Total 

Delivered 

Instal- 
lation 

Total 

Total 

Trucks  and  autos  for — 

Small  mill        _        _    _    _ 

Sq.  ft. 
990 

1,  980 

2,  970 

500 

600 
700 

880 

1,  604 

2,  546 

80 
80 
80 

Dollars 
524 

924 
1,324 

1,  154 
1,  260 
1,362 

Dollars 

420 

723 

1,025 

873 

974 

1,067 

Dollars 

944 

1,647 

2,349 

2,  027 
2,  234 
2,  429 

9,  100 
16,  600 
26,  200 

896 

896 
896 

Dollars 

Dollars 

Dollars 
2  6,  000 
2  8,  000 

2  10,  000 

2,716 
3,012 
3,369 

6,  358 

9,  141 

12,  701 

3  15,  000 
3  16,  000 
3  18,  000 

5,  000 
5,  500 
6,000 

26,  900 
31,  700 
12,  100 

10,  500 
14,  900 
20,  000 

Dollars 
li,  944 

Medium  mill.    _ 

9,  647 

Large  mill 

12,  349 

Seed  sampling  unit  for — 
Small  mill 

2,263 
2,  510 
2,807 

5,  348 

7,  684 

10,  681 

453 
502 
562 

1,010 
1,457 
2,017 

4,  743 

Medium  mill 

5,  246 

Large  mill 

5,  798 

Office  for — 

Small  mill.    _ 

15,  458 

Medium  mill. 

25,  741 

Large  mill. 

38,  901 

Railroad  scale  and  oil  loading  station  for — 
Small  mill    . . 

601 
601 
(Kit 

295 
295 
295 

15,  896 

Medium  mill 

16,  896 

Large  mill                   _              

18,  896 

Truck  scale  for — 
Small  mill.    _  _ 

5,  000 

Medium  mill.. 

5,  500 

Large  mill ... 

li   000 

Railroad  track  and  switches  for — 

Small  mill.      . .                                     _    _ 

26,  <»00 

Medium  mill- 

31,  700 

Large  mill.  ______ 

42,  100 

Sundry  items  for — 

Small  mill      .... 

10,  500 

Medium  rnill.. 

14,  900 

Large  mill      . 

20,  000 

1  Small  mills  crush  100  tons  and  less;  medium  mills 
crush  1 10  to  250  tons;  and  large  mills  crush  260  to  400  tons 
per  day.  All  mills  assumed  to  be  operating  24  hours  per 
day  at  their  normal  rates. 


'-'  Trucks  and  autos. 
3  Railroad  scale. 

Source:  Data  obtained  through  contract  under  Agricul 
tural  Marketing  Act  of  1946  (RMA,  Title  II). 
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Table  55. — Installed  cost  of  fire  protection   tanks  and   tank-heating  equipment  for  hydraulic  and 
press   cottonseed   oil   mills   at   specified  locations,  1949-50  ' 


screw- 


Cost  item 

Atlanta 

Memphis 

Dallas 

Phoenix  2 

Bakersfiekl 2 

Tank  (50,000  gallons) 

Heating  equipment  - 

Dollars 
19,  580 
2,022 

Dollars 
19,  680 
2,022 

Dollars 
20,  230 
2,022 

Dollars 
19,  980 

Dollai  s 
21,  030 

Total 

21,  602 

21,  702 

22,  252 

19,  980 

21,030 

1  Heating  equipment  to  prevent  freezing  of  noncirculat- 
ing  water  reserve. 

2  Not  needed  because  of  warm  climate. 

RAILROAD  AND  TRUCK  SCALES 

With  each  size  group  of  mills,  table  54  also 
shows  the  required  size  of  railroad  and  truck 
scales. 

RAILROAD  TRACK  AND  SWITCHES 

As  there  was  no  exact  relationship  between 
size  of  mill  and  the  amount  of  railroad  track 
needed,  estimates  of  needed  track  were  made  only 
for  small,  medium,  and  large  mills.  The  costs 
were  calculated  at  $8  per  foot,  and  the  totals  are 
shown  in  table  54  for  groups  of  mills  of  different 
sizes. 

TRUCKS.    AUTOMOBILES,    AND    VEHICLE    SHEDS 

The  report  assumed  a  truck  and  auto  investment 
of  $6,000,  $8,000,  and  $10,000,  respectively,  for 
small,  medium,  and  large  mills,  each  vehicle 
costing  approximately  $2,000.  No  investment  in 
a  fleet  of  seed-hauling  trucks  was  provided,  as  it 
was  assumed  that  hauling  cost  per  ton  of  seed 
would  be  about  the  same  whether  done  by  the  mill 
or  others.  In  other  words,  the  equivalent  of  the 
seed-truck  investment  requirements  was  included 
in  operating  costs  as  charges  for  seed  hauling,  and 
is  considered  in  the  next  chapter. 

The  3  different  sizes  of  vehicle  sheds  were  de- 
signed to  house  5,  10,  and  15  vehicles,  respectively, 
and  to  be  constructed  of  corrugated  sheet  metal 
on  wooden  framing  and  containing  9  x  22-foot 
stalls. 

SUNDRY  ITEMS 

This  category  of  capital  outlays  included  such 
items  as  a  fork  truck  for  handling  linters  bales, 
portable  seed  house  and  hull  conveyors,  portable 
scales,  drinking  fountains,  and  fire  extinguishers. 

LAND 

Four  assumptions  were  used  in  calculating  the 
land-investment  requirements  of  any  mill.  First, 
the  property  would  be  a  rectangular  plot  whose 
dimensions  were  fixed  by  the  number  and  sizes  of 
buildings  and  clearances.  Second,  below  the  rail- 
road track  as  shown  for  example  in  figure  3,  the 
width  of  the  property  would  be  a  50-foot  clearance, 
between  the  property  line  and  the  linters  ware- 
house, the  width  of  tins  warehouse  and  unloading 
dock  ((id  ft.),  and  the  distance  between  this  ware- 
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Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 


house  and  the  first  seed  house  (50  ft.),  or  a  total 
of  160  feet.  Third,  the  length  of  the  property 
was  determined  by  the  length  of  the  longest  seed 
house,  the  length  of  the  mill  building,  and  280  feet 
of  clearance — 110  feet  between  the  end  of  the  meal 
warehouse  and  the  property  line,  110  feet  between 
the  end  of  the  mill  building  and  the  seed  houses, 
and  60  feet  between  the  end  of  the  longest  seed 
house  and  the  property  line.  Fourth,  the  cost  of 
the  land  was  estimated  at  $500  per  acre. 

On  these  assumptions,  total  land  investment  for 
any  hydraulic  or  screw-press  mill  may  be  expressed 
by  the  following  equation: 


Land  cost  = 


500 


v  (W+G+P+0+M+S+ 
43,500^     280)  (140N+160) 

W= length  of  meal  warehouse 
G  =  length  of  meal-grinding  departments 20  feet 
P  =  length  of  pelleting  departments  20  feet 
0  =  length  of  oil-extraction  department 
M  =  length  of  mechanical  pretreatment  department 
S=  length  of  longest  seed  house 

N  =  number  of  seed  houses  (N  must  always  be  2  or 
more') 
43,500  =  number  of  square  feet  in  an  acre 

All  building  lengths  are  expressed  in  feet. 

The  same  formula  was  used  for  direct-solvent 
and  prepress-solvent  mills  except  that  480  was 
used  in  place  of  the  term  (140N  +  160)  until  the 
mill  was  large  enough  to  require  enough  seed 
houses  for  this  term  to  be  greater  than  480.  After 
this  point,  the  formula  given  was  used  for  all  types 
of  mills. 

TOTAL  PLANT  INVESTMENTS 

The  costs  of  mill  departments  described,  in- 
cluding land  and  miscellaneous  items,  may  now 
be  consolidated  into  total  investment  require- 
ments for  individual  plants  in  any  particular  area. 
Table  56  shows  these  requirements  in  area  II  for 
all  plants  discussed  in  this  report. 

As  already  stated,  total  investment  require- 
ments for  any  particular  mill  vary  somewhat  from 
area  to  area,  owing  to  the  effect  on  storage  re- 
quirements of  variation  among  areas  in  product 
yields  and  in  freight  costs  on  machinery  and 
equipment  between  the  point  of  manufacture  and 
the  mill  locality.  Total  plant  investments  for 
five  other  typical  mill  areas  are  shown  in  table  57. 
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Table  58. — Investment  requirements  of  ail-extraction  departments  for  different  types  qf  cottonseed  oil 

by  size  of  mill.  1949-50  l 


mills. 


Investment  requirement 

Size  of  mill  (tons 
crushed  per  day  at 
normal  operating 
rate) 

Per  ton  of  seed  crushed  per  day  by — 

Index  for — 

Hydraulic  mill 

Screw  press  mill 

Direct  solvent 
mill 

Prepress  solvent 
mill 

Hy- 
draulic 
mill 

Screw 
press 
mill 

Direct 

solvent 

mill 

Pre- 
press 
solvent 
mill 

Total 

Decrease 

Total 

Decrease 

Total 

Decrease 

Total 

Decrease 

40 

Dol. 
2,  339 

Pet. 
0 

Dol. 

Pet. 

Dol. 

Pet. 

Dol. 
6,024 

Pet. 
0 

Pet. 
100 

Pet. 

Pet. 

Pet. 
258 

50 

1,987 

0 

4,468 

0 

100 

225 

60 

1,926 

18 

75 

1,  707 

14 

80 

1,  603 
1,  438 
1,  329 

31 
39 
43 

3,661 

39 

100 
100 

228 

100 

1,  659 

17 

2,955 

34 

115 

205 

120 

125 

1,  556 

22 

160 

1,438 

39 

2,  355 

61 

100 

164 

175 

1,475 
1,436 

26 
28 

200 

1,  309 

1,  280 
1,  228 

44 
45 

47 

1,860 

58 

100 

110 

142 

220 

240 

2,  130 

65 

100 

173 

250 

1,436 
1,400 
1,377 

28 
30 
31 

300 

1,477 

37 

1,456 

67 

100 

95 

99 

350 

360 

1,  372 

1,  298 

41 
45 

400.. 

1,350 

32 

1,  226 

73 

1,  684 

72 

100 

104 

94 

130 

1  Memphis,  Term.,  pricing  point. 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 

Table  59. — Total  investment  requirements  for  different  types  qf  cottonseed   oil  mills  operating  during  a 
12-month  season  in  mill  area  II,  by  size  of  mill,  1949-50  ' 


Investment 

requirement 

Size  of  mill  (tons 
crushed  per  day  at 
normal  operating 
rate) 

Per  ton  of 

seed  crushed  per  day  by — 

Index  for — 

Hydraulic  mill 

Screw  press  mill 

Direct  solvent 
mill 

Prepress  solvent 
mill 

Hy- 
draulic 
mill 

Screw 
press 
mill 

Direct 

solvent 

mill 

Pre- 
press 
solvent 
mill 

Total 

Decrease 

Total 

Decrease 

Total 

1  iccrcasv 

Total 

Decrease 

40 

Dol. 
16,  707 

Pet. 
0 

Dol. 

Pet. 

Dol. 

Pet. 

Dol. 
19,  626 

Pet. 
0 

Pet. 
100 

Pet. 

Pet. 

Pet. 

117 

50 

14,  177 

0 

16,  207 

0 

100 

114 

80 

10,  629 
9,  569 
8,  305 
7,  738 
7,251 
7,474 
6,  867 

36 

12,  334 

37 

10(1 

100 
100 
100 
100 
100 
100 

116 

100 

43 

9,  789 

31 

10,  805 

33 

102 

113 

160 

50 
54 
57 
55 
59 

9,  174 

53 

110 

200 

7,875 

44 

8,  142 

50 

102 

105 

240 

8,069 

59 

111 

300 

7,390 
6,  961 

48 
51 

7,344 
6,  691 

55 

59 

99 
101 

98 
97 

400.. 

7,  219 

63 

105 

1  Memphis,  Tenn.,  pricing  point. 

Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946  (RMA,  Title  II). 
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Oil-extraction  department  investment  per  ton 
of  daily  crushing  capacity  showed  marked  varia- 
tion among  different  types  of  mills,  as  shown  in 
table  58.  In  small  mills,  this  investment  per  ton 
of  capacity  is  much  higher  for  solvent  mills  thai) 
for  hydraulic  and  screw-press  mills.  For  example, 
the  per  ton  investment  for  a  40-ton  prepress- 
solvent  department  was  more  than  2.5  times  the 
cost  for  a  40-ton  hydraulic  extraction  department. 
A  100-ton  direct-solvent  department  cost  over 
twice  as  much  per  ton  of  capacity  as  the  same  size 
hydraulic  department,  and  nearly  1.8  times  the 
cost  of  the  same  size  screwr-press  department. 

Although  investment  requirement  per  ton  of 
crushing  capacity  declines  for  all  types  of  mills  as 
their  size  increases,  the  decline  is  much  faster  for 
solvent  mills,  whether  direct  or  prepress.  For 
example,  increasing  daily  crushing  capacity  from 
40  to  400  tons  per  day  (assuming  normal  rates  of 
operation)  was  associated  with  a  72-percent 
decline  in  extraction-department  investment  re- 
quirements for  prepress-solvent  nulls  as  compared 
with  only  a  45-percent  decline  for  hydraulic  mills. 

This  does  not  necessarily  mean  that  small  sol- 
vent mills  (direct  or  prepress)  will  yield  less  net 
revenue  per  ton  of  seed  crushed  than  small  hydrau- 
lic or  screw-press  mills,  as  the  increased  oil  recovery 
efficiency  of  solvent  mills  may  more  than  offset 
their  higher  extraction  costs,  even  for  the  smallest 
mills. 


IV.  PROCESSING  REQUIREMENTS 
AND  COST  RATES 

Mill  operating  requirements  and  the  1949-50 
cost  rates,  which  were  used  in  computing  proc- 
essing costs,  are  discussed  in  this  chapter. 

PLANT  INVESTMENT  COST  RATES 

DEPRECIATION   RATES 

As  indicated  in  table  60,  four  depreciation  rates 
were  used  in  estimating  plant  costs,  depending  on 
the  type  of  structure  or  facility  involved.  These 
rates  are  similar  to  those  used  by  the  Bureau  of 
Internal  Revenue  for  tax  evaluation  purposes. 
The  Bureau's  listing  included  only  cottonseed  oil 
mill  buildings  under  the  40-year  life  expectancy. 
It  was  assumed,  however,  that  water  mains, 
piping,  tanks,  and  yard  improvements  would  have 
approximately  the  same  depreciation  rate  as 
buildings.  Also,  the  listing  on  machinery  did 
not  include  electric  substations,  railroad  tracks, 
and  scales,  but  it  did  include  such  machines  as 
delinters  and  hullers.  The  assumption  was  thai 
the  life  expectancy  period  would  he  approximately 
the  same  for  all  these  items. 

INTEREST  RATES 

Interest  was  charged  at  the  rate  of  4  percent  on 
the  entire  initial  investment  for  each  mill.  This 
was  the  legally  required  rate  of  the  Federal  Land 


Table  60. — Cottonseed  oil  mill  depreciation  rates, 
hi/  length  of  useful  lift  ami  typt  of  asset 


Length  of  useful  life  and  type  of  asset 


40  years: 

Buildings 

Yard  improvements  __ 

Water  mains 

Fire  hydrants  and  sprinklers 

Service  piping 
Tanks 

25  years: 

Mill  machinery  and  equipment 

Electric  substation 

Railroad  and  truck  scales^. 
Railroad  track  and  switches. _ 

10  years: 

Office  furniture  and  equipment 

Lockers 

Seed  sample  handling  equipment 

6  years:   Trucks  and  autos 


Annual 
rate  ' 


Percent 


2.  5 

4.  0 

10.  0 

Hi.  7 


1  Internal  Revenue  rates  for  1949-50  served  as  basis. 

Bank  system.  Capital  advances  from  other 
sources  might  have  been  obtained  at  a  somewhat 
lower  or  higher  figure.  For  purposes  of  this 
report,  use  of  the  4-percent  rate  for  1949-50 
appeared  fair  and  reasonable. 

TAX   RATES 

Tax  charges  were  based  on  (1 )  the  real  property 
assessment  ratios  of  assessed  values  to  full  market 
values  and  the  (2)  tax  rates  for  all  types  of  prop- 
erty taxes  in  given  localities.  These  rates  are 
shown  in  table  til   for  specified  mill  areas. 

Table  61. — Property  assessment  ratios  and  tax 
rates  applicable  to  cottonseed  oil  mills,  by  mill 
area,  191,9-50 


Mill  area 

Assessment 
ratio  ' 

Tax  rate 
per  $100  of 

assessed 
value 

I— Southeastern  N.  C_              . 
II— North  Delta,  Ark,_ 
III — South  Delta,  La__ 

Percent 
40 
15 
20 
30 
60 
37 

Dollars 

3.  12 

4.  80 
4.  07 

IV — Eastern  Okla 

4.  67 

V — North  Blacklands, 
VI— Central  Calif   . 

Tex___ 

4.  71 

5.  74 

1  Legal  assessment  as  percentage  of  full  value. 
Source:   County  and  city  tax  assessors. 

INSURANCE  RATES   ON    BUILDINGS    AND    EQUIP- 
MENT 

To  minimize  insurance  costs,  the  mills  in  I  his 
report  were  designed  as  nearly  as  possible  in 
accordance  with  (lie  recommendations  and  regula- 
tions given  by  such  sources  as  the  National  Elec- 
trical   Code,     Handbook     of    (lie    National    Fire 
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Protection  Association,  and  the  bulletins  of  the 
Associated  Factory  Mutual  Fire  Insurance  Com- 
panies. Class  III  electrical  equipment  was  used 
in  the  mechanical  pretreatment  department,  class 
II  equipment  was  used  in  the  meal  products 
manufacturing  department,  and  class  I,  group  D, 
equipment  was  used  wherever  necessary  in  the 
solvent  extraction  departments. 

Principles  of  Fire  Protection  Design 

The  general  principles  of  fire  protection  design 
are  illustrated  in  figure  59.  These  principles  are 
outlined  as  follows: 

1.  Structural  Features  of  Buildings.  The 
mill  building,  hull  house,  seed  houses,  linters  ware- 
house, and  general  purpose  building  have  steel 
frames  and  are  ironclad.  The  office  building  has 
a  wooden  frame,  asbestos  siding,  and  an  asphalt 
shingle  roof.  The  vehicle  shed  has  a  wooden 
frame  with  siding  and  roof  of  sheet  iron.  Two 
fire  walls  were  provided  in  the  mill  building;  one 
separating  the  mechanical  pretreatment  depart- 
ment from  the  oil  extraction  or  meal  processing 
departments  and  the  other  separating  the  mechan- 
ical   pretreatment    department    from    the    baling 


press  room.  A  fire  cut-off  was  provided  between 
the  meal  processing  department  and  the  meal 
warehouse. 

2.  Fire  Protection  Water  System: 

(a)  Water  supply.  The  primary  water  supply 
for  fire  protection  is  assumed  to  come  from  an 
adequate  municipal  supply.  The  secondary  water 
supply  is  an  elevated  water  tank  for  all  except 
solvent  mills. 

The  municipal  system  and  elevated  tank  were 
assumed  not  to  have  great  enough  pressure  or 
water  volume  to  operate  an  automatic  deluge 
system  needed  for  solvent  extraction  departments. 
Accordingly,  both  direct  and  prepress  solvent 
mills  were  provided  with  fire  pumps,  having 
capacities  from  1,000  to  2,500  gallons  per  minute, 
and  with  vertical  steel  tank  reservoirs  at  ground 
level  large  enough  to  supply  the  fire  pumps  for 
4  hours.  The  fire  pump  and  reservoir  necessary 
for  a  deluge  system  could  usually  be  used  as  an 
alternate  water  supply. 

(b)  Water  mains.  As  indicated  in  figure  59,  an 
8-inch  water  main,  with  a  pressure  of  50  pounds 
per  square  inch  encircled  the  seed  houses  and  the 
mill  building,  and  paralleled  the  general  purpose 
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Figure  59. — Layout  design  of  fire-protection  equipment  for  cottonseed  oil  mills. 
Source:  Data  obtained  through  contract  under  Agricultural  Marketing  Act  of  1946   (RMA,  Title  II). 
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icy   were   not   be- 
50   feet   from    the 


building  and  the  hull  and  linters  warehouses.  The 
mains  were  25  feet  from  most  buildings,  or  halfway 
between  buildings  50  feet  apart.  The  solvenl 
extraction  department  and  fire  pump  were  con- 
nected with  a  12-inch  water  main. 

(c)  Hydrants.  Fire  hydrants  and  hose  houses 
were  spaced  approximately  300  feet  apart  along 
the  entire  8-inch  water  main.  (See  fig.  59.)  Each 
hydrant  was  provided  with  2%-inch  cotton  rubber- 
lined  hose.  Hydrants,  when 
tween  buildings,  were  placed 
bindings. 

(d)  Automatic  sprinkler  system.  An  automatic 
sprinkler  system  was  provided  throughout  the 
mill  building  and  all  warehouses.  In  all  buildings 
except  seed  houses,  1  sprinkler  head  was  provided 
for  every  70  square  feet  of  floor  space,  with  addi- 
tional heads  wherever  the  machinery  would  shield 
the  water  from  the  sprinklers.  In  the  seed 
houses,  sprinklers  were  provided  in  the  tunnel  and 
overhead  in  the  monitor,  as  well  as  in  the  fan  and 
conveyor  houses  at  the  ends. 

One  dry  pipe  valve  was  provided  for  the 
mechanical  pretreatment  department.  One  valve 
supplied  both  the  linters  warehouse  and  the  hull 
house.  The  meal  products  warehouse,  meal  de- 
partment, meal  bins,  and  mechanical  oil  extraction 
pressroom  were  all  connected  to  the  same  dry 
pipe  valve.  In  large  mills,  the  area  to  be  pro- 
tected exceeded  28,000  square  feet  and  an  addi- 
tional dry  pipe  valve  was  necessary.  Because  of 
the  small  number  of  sprinkler  heads  in  each  seed 
house,  up  to  three  seed  houses  were  connected  to 
the  same  dry  pipe  valve,  which  was  assumed  to 
be  located  in  the  fanhouse  of  the  center  seed  house. 

3.  Miscellaneous  Items: 

(a)  Boilers.  Boilers  were  the  fire-tube  package 
type,  oil  fired,  and  having  50  to  400  horsepower  and 
150  pounds  pressure  per  square  inch. 

(b)  Oil  storage  tanks.  Fuel  oil  and  cottonseed 
oil  storage  tanks  of  NFPA  design  and  spacing, 
located  outdoors,  were  used. 

(c)  First  aid  appliances.  A  standard  comple- 
ment of  first  aid  appliances  was  provided  in  each 
building. 

Fire  Insurance  Rates 

On  the  basis  of  these  principles  of  fire  protec- 
tion design,  all-risk  coverage  insurance  ratings  on 
buildings  and  machinery  were  requested  from  the 
fire  rating  inspection  bureaus  in  the  various  cotton- 
producing  States  and  from  the  Protection  Mutual 
Fire  Insurance  Co.,  a  member  of  the  Associated 
Factory  Mutual  Fire  Insurance  Cos. 

Fire  protection  rating  bureaus  differed  some- 
what in  their  recommended  fire  protection  design 
features.  A  uniform  set  of  design  principles  was 
followed  in  this  report,  since  otherwise  complica- 
tions would  become  unmanageable. 

Many  rating  bureaus  felt  that  they  could  make 
estimates  only  after  contemplated  plants  were 
actually  installed.  However,  subject  to  such  final 
inspection,   complete   ratings  were   given   by   the 


Pacific  Fire  Rating  Bureau  and  the  Protection 
Mutual  Fire  Insurance  Co.  on  the  basis  of  informa- 
tion above. 

The  Factory  Mutual  Companies  write  a  single 
policy  form,  blanketing  in  buildings  and  contents, 
including  all  property  within  plant  yards  having 
insurable  values,  without  co-insurance  require- 
ments. The  physical  hazards  covered  are  fire, 
wind,  cyclone,  lightning,  smoke  and  water  damage, 
100  percent  sprinkler  leakage,  damage,  falling  air- 
craft, vehicle,  riot,  civil  commotion,  vandalism, 
malicious  mischief,  and  explosion.  Coverage  in- 
cludes underground  facilities  and  installations. 
The  quoted  cost  of  this  insurance,  for  hydraulic 
and  screw-press  mills  built  in  line  with  plans  and 
specifications  used  in  this  report,  does  not  exceed  6 
cents  per  $100  per  year  for  blanket  physical  dam- 
age coverage  and  3%  cents  per  $100  per  year  for 
use  and  occupancy  insurance,  or  a  total  of  9% 
cents  per  $100. 

The  Factory  Mutual  Cos.  gave  no  ratings  for 
solvent  mills;  and  actually  they  insure  very  few, 
if  any,  cottonseed  mills.  Therefore,  for  these 
reasons,  the  ratings  of  the  Pacific  Rating  Bureau 
have  been  used  in  this  report. 

It  will  be  noted  that  the  ratings  vary  by  type  of 
structure,  as  shown  in  table  62. 


Table  62. — Fire  and  extended  coverage  insurance 
rates  for  cottonseed  oil  mill  buildings  and  equip- 
ment', 1949-50 


Building  and  equipment 


Mechanical    pretreatment 

department 

Baling  press  room.. 

Oil  extraction  department: 

Solvent   (direct  or  pre- 
press).. 

Hydraulic     and     screw 

press 

Meal-processing  department 
Warehouses: 

Seed 

Hulls.. 

Linters 

Meal.. 
( ieneral  purpose  building: 

Boilerhouse  section 

Locker  room  section __ 

Machine  shop  section.. 

Office  building 

Electric  power  substation. 
Oil  tanks: 

Cottonseed  oil _  _ 

Fuel  oil 


Rate  per  $100  insured  value 


National 

board 

class  <j 

fire 


Dollars 

0.  266 
.  201 


485 


Extended 
coverage 


Dollars 

0.  060 
.  036 


20'.) 


278 

.  060 

278 

.  060 

832 

.  022 

201 

.  020 

201 

.  020 

278 

.  060 

776 

.  044 

776 

.  044 

776 

.  044 

824 

.  078 

238 

.  022 

728 

.  022 

728 

.  022 

Total 


Dollars 

0.  326 
.  237 


604 

338 
338 

854 
221 
221 
338 

820 
820 
820 
002 
260 

750 
750 


Source:    Based  on  information  from  Pacific  Fire  Rating 
Bureau. 
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Owing  to  the  greater  fire  and  explosion  hazards, 
rates  for  solvent-extraction  departments  were 
$0,694  per  $100  of  investment  as  compared  with 
$0,338  for  other  types  of  mills. 

OPERATING  REQUIREMENTS  AND  COST 
RATES 

SEED  PROCUREMENT 

Seed  procurement  costs  included  the  purchase 
cost  of  seed  f.  o.  b.  gins,  seed  buyer  costs,  and  a 
haul  charge  for  trucking  seed  from  gins  to  mills. 

F.  O.  B.  Gin  Prices 

As  Moloney  (2,  p.  682)  has  well  stated,  cotton- 
seed usually  is  purchased  by  mills  on  an  f.  o.  b.  gin 
basis,  the  mill  paying  the  cost  of  hauling  the  seed. 
The  prices  actually  paid  by  mills  are  the  quoted 
f.  o.  b.  gin  prices  for  100  grade  seed  adjusted  to  the 
grade  actually  purchased. 

Seed  grades  vary  from  month  to  month,  from 
year  to  year,  and  from  area  to  area.  The  1944-48 
average  seed  grades  were  assumed  for  each  area 
considered  in  this  study  (table  5).  However, 
1949-50  average  prices  of  100  grade  seed  were  used 
(table  63),  as  the  study  employed  cost-price  rela- 
tionships for  that  period  as  a  basis  of  analysis. 
These  prices  were  adjusted  for  grades  of  seed 
assumed  purchased  by  mills  in  the  different  areas. 

Seed  Buyers 

In  this  study,  a  seed-buying  cost  of  40  cents  a  ton 
was  allowed  for  all  crushes  of  7,000  tons  or  over, 


except  in  the  Far  West,  where  usually  no  buying 
costs  are  incurred. 

Limited  inquiries  of  mill  operators  in  the 
Delta,  the  Southwest,  and  Far  West  indicated  no 
seed  buyers  were  employed  where  the  annual 
crush  was  less  than  7,000  tons.  Usually  no  seed 
buyers  were  employed  in  the  Far  West,  irrespective 
of  the  size  of  crush.  Elsewhere  the  sources  indi- 
cated that  mills  crushing  as  much  as  40,000  tons 
ordinarily  employed  2  full-time  buyers  (no  data 
were  available  for  larger  crushes). 

Although  seed  buyers  were  employed  on  either 
a  full-time  or  a  part-time  basis,  the  rate  of  pay, 
figured  on  either  a  weekly  or  monthly  basis,  was 
approximately  the  same  in  both  cases.  The 
1949-50  rate  was  approximately  $300  per  month 
for  year-round  buyers  and  $65  per  week  for  part- 
time  buyers.  In  addition,  both  types  of  buyers 
received  the  use  of  a  "company  car"  and  travel 
expenses.  Assuming  22  working  days  per  month, 
and  an  average  travel  of  100  miles  per  day,  "car 
expense"  was  calculated  as  $110  per  month. 
Assuming  a  per  diem  allowance  of  $12  per  day, 
"travel expense"  was  calculated  at  $264  per  month. 
Under  these  assumptions,  total  salary,  car,  and 
travel  expense  was  $674  per  month  per  seed  buyer. 
As  mills  crushing  about  40.000  tons  per  season 
required  2  seed  buvers,  their  seed-buving  cost  was 

•       f  i     <n  '     /         f  /<i74X2X12\ 

approximately  40  cents  per  ton  or  I  — TrVnnr\ —  )' 

The  data  indicated  that  mills  crushing  from 
7,000  to  40,000  tons  usually  employed  at  least  one 
full-time  buyer  and  varying  amounts  of  services  of 
part-time  buyers;  but  they  did  not  disclose  a 
precise  relationship  between  the  actual  amount  of 


Table  63. — Averagt  juices  paid  for  "U.  S.  Standard  basis  grade"   (100) 

in  specified-  States,  by  periods,  1949-50 


cottonseed  by  cottonseed  oil  mills 


Period 


Calcu- 
lated 

percent- 
age of 
seed 

received 
at  oil 
mill  i 


Price  per  ton  of  cottonseed  in — 


N.  C. 
and 
Va. 


8.  C. 


Ga. 


Ala. 
and 
Fla. 


Ark., 

Tenn., 

and 

Mo. 


Miss 


La. 


Okla. 


Tex. 


Calif. 


1 949-50 

September  1  to  15 

September  16  to  30 

October  1  to  15 

October  16  to  31 

November  1  to  15 

November  16  to  30 

December  1  to  15 

December  16  to  31 

January  1  to  15 

January  16  to  31 

After  January  31 

1949-50  average  2. 


Percent 


12. 
17. 
22. 
15. 

8. 

8. 

3. 

1. 

1. 

2 


Dot. 
50.  00 

49.  50 

47.  55 

48.  53 

50.  00 
50.  00 
50.  00 
50.  00 
50.  00 
50.  00 
52.  67 


100.  0 


49.  29 


Dot. 
50.  00 
50.  00 
47.  00 

49.  47 

50.  00 
50.  00 
50.  00 
50.  00 
50.  00 
;,()  on 
53.  00 


49.  42 


Dot. 
48.  50 

46.  85 

45.  00 

47.  97 

46.  60 
46.  10 

48.  00 
48.  40 
50.  00 
50.  00 
54.  50 


47.  37 


Dot. 

48.  50 

46.  00 

45.  00 

47.  23 

46.  60 
45.  50 
45.  00 

47.  00 
50.  00 
50.  00 

49.  16 


Dot. 
49.  25 
46.  00 
45.  00 
45.  00 
45.  00 


Dot. 
49.  25 
46.  00 
45.  00 
45.  00 
45.  00 


45.  00      45.  00 


46.  62 


45.  00 
45.  00 
45.  00 
45.  00 
45.  00 


45.  70 


45. 

45. 
45. 
45. 
47. 


00 
00 
00 
00 
00 


Dot. 
48.  75 
43.  75 

42.  00 

43.  50 
42.  00 
42.  00 
42.  00 


Dot. 
48.  00 
44.  25 

44.  25 

45.  42 
45.  73 

43.  68 

44.  33 


Do!. 
48.  00 
41.  75 
41.  73 
44.  25 
43.  50 

40.  50 

41.  00 


45.  82 


42. 

00 

45. 

00 

41. 

00 

42. 

00 

45. 

00 

40. 

00 

42. 

00 

45. 

00 

40. 

00 

42. 

00 

45. 

00 

40. 

00 

i:; 

37 

45. 

06 

43. 

58  . 

Dol. 
49.  58 
49.  58 
47.  94 
47.  94 
46.  45 

46.  45 

47.  92 

47.  92 

48.  00 
48.  00 
48.  00 


48.  18 


1  Based    on    1943-47   average   of   total   seed   ginned   in 
typical  area. 

2  Prices  weighted  by  corresponding  percentages  of  seed 
received  in  each  period. 


Source:  Compiled  from  Cottonseed  Review  publications, 
PMA,  except  for  California  pi  ices  which  were  obtained 
through  special  questionnaire. 
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part-time  services  and  the  size  of  annual  crush. 
It  is  not  certain,  therefore,  whether  mills  in  this 
size  range  had  a  somewhat  lower  or  higher  seed- 
buying  efficiency  than  did  mills  crushing  about 
40,000  tons.  The  same  principle  would  apply  to 
larger  mills. 

With  this  limitation  in  mind,  the  buying  cost 
figure  of  40  cents  per  ton  was  allowed  in  this 
report.  It  should  be  noted  that  this  figure  merely 
indicates  the  total  cost  per  ton  of  seed-buying 
services,  as  it  is  immaterial  whether  the  services 
representing  this  cost  are  all  used  in  the  relatively 
short  seed  harvest  period  or  spread  out  over  the 
whole  operating  season. 

Seed  Haul  Charges 

Iii  a  given  locality,  seed  haul  charges  per  ton 
vary  with  the  length  of  haul,  which,  in  turn,  varies 
with  the  size  of  the  annual  crush.  The  bigger  the 
crush,  the  farther  a  mill  will  have  to  haul  its  seed; 
hence,  the  higher  its  haul  charge  per  ton.  Haul 
charges  tend  to  offset  declining  processing  costs  of 
larger  scale  operations.  It  should  be  noted  in  this 
connection,  however,  that  although  the  haul  charge 
increases  with  increasing  length  of  haul,  it  does  so 
at  a  decreasing  rate,  because  the  longer  the  haul 
the  smaller  the  amount  of  seed  loading  and  un- 
loading time  is  required  per  mile  of  haul. 

As  the  purpose  of  this  report  is  to  compare 
alternative  mills  crushing  widely  different  ton- 
nages in  given  locations,  a  uniform  method  was 
necessary  for  estimating  the  average  haul  distance 
and  haul  charges  associated  with  each  tonnage. 

1.  Variation  of  Length  of  Haul  With  Size 
of  Crush.  Ordinarily,  if  seed  supply  areas  of  in- 
dividual mills  did  not  overlap,  there  would  be  no 
competition  for  seed  and  therefore  a  mill  would 
obtain  its  entire  crush  from  the  nearest  gins  as  far 
out  as  necessary  to  meet  its  crushing  requirement. 
Mill  A,  for  example,  would  not  get  seed  from  gins 
which  were  closer  to  mill  B  than  to  mill  A,  and 
vice  versa.  Absence  of  competition  would  thus 
preclude  "cross-haul"  so  that  the  average  haul  for 
any  crush  would  tend  to  be  the  average  distance 
between  the  mill  and  nearby  gin  centers  as  far  out 
as  necessary  to  supply  the  crush. 

However,  competition  for  seed  usually  precludes 
such  minimum  haul  distances,  as  it  commonly 
induces  mill  A  to  obtain  seed  from  gins  which  are 
closer  to  mill  B,  and  vice  versa. 

Given  the  haul  distances  which  might  be  ex- 
pected in  the  absence  of  competition,  the  average 
haul  distances  under  competitive  conditions  could 
be  calculated  by  use  of  prevailing  crosshair!  ratios. 
The  following  paragraphs  describe  the  process  by 
which  such  ratios  were  obtained  and  used. 

During  the  1947-48  cottonseed  crushing  season, 
the  Cotton  Branch  of  (he  Production  and  Market- 
ing Administration  made  a  survey  of  cottonseed 
oil  mills  which  included  the  average  haul  distance 
and  size  of  crush  as  reported  by  some  182  oil  mills. 
From  these  data  and  census  information  on  the 
1949-50   cotton  ginnings,    the   average  seed-haul 


would 


..)  or 


Average  rela 
haul  ratios  an< 
developed    for 


distances,  as  they  would  have  tended  to  be  in  the 
absence  of  competition,  were  computed  for  each 
of  these  reported  crushes.  In  making  this  compu- 
tation, gins  were  first  located  in  reference  to  each 
reporting  mill,  either  by  post  office  addresses  or 
by  centering  them  in  townships.  The  1949-50 
average  seed  output  per  gin  by  counties  was  then 
calculated.  By  use  of  roadmap  distances,  the 
average  length  of  haul  between  each  mill  ami 
enough  nearby  gins  was  computed  to  cover  the 
smallest  area  within  which  total  seed  ginned  was 
equivalent  to  the  mill's  annual  crush.  This 
distance  represented  the  seed  haul  (for  each  crush) 
which  would  tend  to  be  the  case  in  the  absence  of 
competition  for  seed.  Dividing  these  distances 
into  the  actual  average  haul  distances  reported, 
gave  the  crosshaul  ratios  for  individual  mills. 
If,  for  example,  a  mill  with  a  10, 000-ton  crush 
reported  having  an  average  haul  distance  of  50 
miles  per  ton,  and  a  distance  of  20  miles  per  ton  was 
the  average  distance  within  which  the  amount  of 
seed    for   this   crush    was  produced,    the   crosshaul 

VXo) 

ionships  between  individual  cross- 
size  of  annual  crushes  were  then 
the  six  major  cotton-producing 
regions — Coastal  Plains,  Eastern  Hilly  and  Pied- 
mont, Delta,  Central  Humid,  Central  Semi-Arid, 
and  Irrigated  (West). 

These  relationships  were  used  in  estimating  the 
average  haul  distances  for  widely  different  crushes 
associated  with  various  alternative  mills  for  given 
localities.  However,  certain  characteristics  of 
these  relationships  should  be  noted. 

In  each  region,  on  the  average,  the  larger  the 
crush,  the  smaller  the  crosshaul  ratio.  This  might 
suggest  that  smaller  mills  are  at  a  competitive 
disadvantage  in  getting  seed,  but  this  is  not  neces- 
sarily the  case.  A  mill  with  a  relatively  small 
crush  (for  example,  4,000  tons)  and  a  mill  with  a 
large  crush  (for  example,  40,000  tons)  may  be 
subject  to  the  same  competitive  conditions  and 
have  the  same  average  haul  distance  but  have 
different  crosshaul  ratios.  For,  even  with  a  high 
crosshaul  ratio,  a  small  mill  may  obtain  its  seed 
within  such  a  short  distance  that  the  increase  in 
the  haul  charge,  owing  to  a  high  crosshaul  ratio,  is 
relatively  insignificant.  Hence,  there  would  be 
little  or  no  incentive  for  management  to  make  any 
serious  effort  to  reduce  its  haul  distance  to  the 
minimum  that  is  actually  possible  under  the  given 
competitive  conditions.  In  case  of  a  large  mill, 
however,  the  increase  in  its  haul  charge  per  ton 
of  seed,  which  is  owing  to  crosshaul,  becomes  a. 
significant  part  of  the  total  seed  cost  and  hence  a 
constant  incentive  to  reduce  the  crosshaul  to  the 
lowest  point  which  competition  for  seed  will 
permit. 

The  same  principle  would  lend  to  account  for 
the  sharp  decline  in  the  crosshaul  ratio  with 
increasing  size  of  crush  in  the  Coastal  Plains, 
Eastern  Hilly  and  Piedmont,  and  Central  Humid 
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regions.  In  these  regions  the  great  bulk  of  mills 
purchased  only  small  crushes.  These  purchases 
were  obtained  within  short  distances,  even  though 
only  a  small  fraction  of  seed  was  bought  from  the 
nearest  gins.  As  the  average  haul  cost  was 
relatively  small  under  such  conditions,  the  in- 
centive was  absent  for  reducing  it  to  the  minimum 
actually  permitted  by  prevailing  competitive 
conditions.  Because  the  reverse  was  true  with 
respect  to  the  small  proportion  of  large  mills  in 
these  regions,  the  average  degree  of  crosshaul 
would  tend  to  decline  sharply  as  the  size  of  crush 
increased. 

A  like  decline  would  not  be  expected  in  the 
Delta,  where  seed  production  is  commonly  so  dense 
that  relatively  larger  crushes  can  be  obtained  in 
short  distances.  As  a  consequence,  the  part  of 
haul  cost  due  to  a  relatively  high  crosshaul  ratio 
may  well  be  too  small  to  be  a  strong  incentive  to 
managers  of  relatively  large  mills  to  reduce  their 
crosshaul  ratios  to  the  minimum  possible  under 
prevailing  competitive  conditions. 

Two  factors  may  explain  the  substantially 
lower  average  crosshaul  ratios  for  all  sizes  of  crush 
in  the  Central  Semi-Arid  and  Irrigated  regions 
(West  and  Far  West).  In  both  these  regions  over 
the  last  several  years,  cotton  production  has  been 
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expanding  much  more  rapidly  than  cottonseed 
mill  crushing  capacity.  Under  such  circum- 
stances, less  competition  for  seed  would  naturally 
result  in  correspondingly  less  crosshaul  than  in 
other  regions  where  the  pressure  of  crushing 
capacity  on  the  seed  supply  is  much  greater. 
Also,  it  appears  that  competition  for  seed  is  geo- 
grapliicallyless  possible  in  the  Irrigated  region  than 
elsewhere.  In  other  regions,  competitive  mills 
are  located  in  every  direction  from  a  given  mill 
site — north,  south,  east,  and  west.  But  in 
California,  for  example,  both  gins  and  mills  run 
from  north  to  south  within  a  relatively  narrow 
irrigated  valley.  Competition  thus  stems  in  from 
only  2  directions,  instead  of  4  as  is  normally  the 
case  elsewhere.  The  same  principles  apply  to 
most  other  sections  of  the  Irrigated  region. 

The  reported  relationships  (fig.  60)  between  the 
competitive  crosshaul  ratios  and  size  of  crush  were 
used  in  estimating  the  average  haul  distances  of 
various  sizes  of  crushes  in  given  mill  areas.  How- 
ever, no  ratio  of  less  than  2  was  used.  (This 
minimum  is  represented  by  the  horizontal  line  in 
fig.  60.)  The  data  offered  no  reasonable  grounds 
for  assuming  a  smaller  minimum  ratio,  even  though 
in  some  regions  scattered  instances  reported  ratios 
below  this  point. 
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-Calculated   relationship   between   degree  of  crosshaul  and  volumes  of  seed  received  at  individual  mills, 

by  cotton-production  regions,  1947-48. 


Use  of  the  minimum  ratio  moans  that  the 
average  seed  haul  distance  for  any  given  crush  was 
always  at  least  twice  as  great  as  the  minimum 
haul  distance  within  which  the  equivalent  of  the 
crush  was  actually  produced.  However,  the  total 
seed  supply  area  for  any  average  haul  distance 
was  at  least  four  times  the  minimum  area  within 
which  the  equivalent  of  the  crush  was  produce  1,  as 
the  seed  supply  area  increases  as  the  square  of  the 
average  haul  distance  increases. 

The  minimum  ratio  of  2  was  used  for  all  crushes 
in  the  Irrigated  and  Central  Semi-A.rid  regions, 
the  reason  being  that  the  actual  ratios,  for  rela- 
tively small  crushes,  exceeded  this  minimum  so 
slightly  as  to  make  no  appreciable  difference  in  the 
average  haul  distance. 

Use  of  this  minim  i  involved  an  extension  of 
the  Delta  line  (fig.  60;  somewhat  beyond  the  size 
of  crushes  actually  reported.  There  was  nothing 
in  the  data,  however,  to  indicate  that  this  line 
would  not  have  extended  to  a  minimum  ratio  of  2 
had  larger  crushes  been  reported. 

To  sum  up:  Two  steps  were  used  in  determining 
the  average  haul  distances  associated  with  specified 


annual  crushes  in  given  mill  areas.  (1)  The  aver- 
age distance  was  computed  between  a  given  point 
and  enough  nearby  gins  to  account  for  a  given 
total  crush  in  the  absence  of  competitive  condi- 
tions. (2)  The  estimated  average  haul,  under 
competitive  conditions,  was  then  calculated  by 
multiplying  this  first  average  by  the  appropriate 
regional  crosshaul  ratio  in  figure  60. 

If,  for  example,  the  equivalent  of  a  21, 000-ton 
crush  were  produced  by  the  nearest  gins  within  an 
average  distance  of  25  miles  and  the  regional  cross- 
haul  factor  were  2.5,  the  estimated  average  haul 
would  be  62.5  miles. 

As  indicated  in  figure  01,  the  average  haul  for 
the  same  volumes  of  seed  varied  substantially  from 
mill  area  to  mill  area,  mainly  owing  to  a  similar 
variation  in  the  density  of  the  seed  supply.  For 
example,  the  average  haul  for  21,000  tons  was  14 
miles  in  mill  area  II,  located  in  one  of  the  heaviest 
producing  regions  in  the  Cotton  Belt.  The  average 
haul  for  the  same  tonnage  was  56  miles  in  mill  area 
IV,  located  in  one  of  the  lightest  producing  areas 
in  the  Cotton  Belt.     (Fig.  61.) 

The  estimated  haul  distances  are  shown  in  figure 
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Figure  61. — Calculated  average  haul  distance  per  ton  of  cottonseed,  by  size  of  annual  crush,  mill  areas  I  through  VI 
(I — southeastern  North  Carolina;  II — Delta,  northeastern  Arkansas;  III — Delta,  southern  Louisiana;  IV — eastern 
Oklahoma;  V — north  Texas  Blacklands;  VI — central  California),  1949-50. 


113 


61  for  specified  volumes  of  seed  in  six  widely  sep- 
arated localities. 

2.  Variation  of  Haul  Charge  With  Length 
or  Haul.  In  the  Cotton  Branch  survey  of  1947, 
previously  mentioned,  cottonseed  mills  reported 
their  average  haul  distance  per  ton  of  seed  and  also 
their  estimated  average  haul  allowance  charges 
per  ton  of  seed.  The  relationship  between  these 
reported  haul  charges  and  distances  is  shown  in 
figure  62  for  the  Southeast,  Valley,  and  Southwest 
cotton-producing  regions. 

The  ends  of  the  lines  in  figure  62  represent  the 
minimum  and  maximum  distances  and  sizes  of 
crush  corresponding  to  these  average  relationships. 
Were  these  limits  sufficient  to  cover  the  widely 
different  crushes  (10,600  to  105,600  tons),  the  re- 
lationships, represented  by  lines  in  figure  62  would 
fully  meet  the  needs  of  this  report.  This  was  not 
always  the  case,  however.  For  example,  in  mill 
area  III  the  estimated  average  haul  distance  for 
10,600  to  105,600  tons  of  seed  ranged  from  36  to 


150  miles,  whereas  the  maximum  distances  re- 
ported were  much  less  than  150  miles. 

In  seeking  a  way  around  this  limitation,  various 
State  motor  carrier  rate  schedules  were  compared 
with  regional  average  haul  distances  and  haul 
charge  relationships.  Such  schedules  have  the 
merit  of  covering  the  full  range  of  distances  needed 
for  the  entire  range  of  crushes  involved  in  this 
study.  In  the  Cotton  Belt  as  a  whole,  over  one- 
third  of  the  seed  was  hauled  by  commercial  trucks 
in  1947-48,  56  percent  by  gin  and  mill  trucks,  and 
6  percent  by  rail,  as  pointed  out  by  Whitten  and 
Stevenson  (13).  Accordingly,  the  Arkansas  motor 
carrier  schedule  was  used  because  the  height  and 
slope  of  the  line  in  this  schedule  were  similar  to 
those  of  the  lines  representing  the  reported  haul 
charges  throughout  the  rarrr.e  of  distances  covered 
by  both,  except  that  the  a\irage  Valley  rates  were 
used  for  very  short  distances  where  the  Arkansas 
rate  schedule  appeared  to  be  lower. 

In  addition  to  heing  checked  for  reasonableness 
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Figure  62. — Relationship  between  cottonseed  haul  charge  per  ton  of  seed  and  average  distance  of  haul,  by  regions,  and 

Arkansas  motor  carrier  rate  schedule,  1947-48. 

Source:  Regional  relationships  based  on  data  from  1947-48  survey  of  cottonseed  oil  mills  by  the  Cotton  Branch  of  the 

Production  and  Marketing  Administration,  USDA. 
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Figure  63. — Calculated  average  haul  charges  per  ton  of  cottonseed  from  gin  to  oil  mill,  by  size  of  annual  crush,  mill  areas 
I  through  VI  (I — southeastern  North  Carolina;  II — Delta,  northeastern  Arkansas;  III — Delta,  southern  Louisiana; 
IV — eastern  Oklahoma;  V — north  Texas  Blacklands;  VI— central  California),  1949-50. 


with  a  number  of  null  operators,  this  1949—50 
schedule  of  haul  costs  was  checked  against  the 
1952-53  rates  in  effect  between  a  Great  Plains  mill 
and  some  57  gins  located  from  0  to  138  miles  from 
the  mill.  In  75  percent  of  the  cases  the  haul  cost 
from  each  of  these  gins  was  within  32  cents  of  what 
was  predicted  from  the  schedule  used  in  this  re- 
port. On  the  average,  the  cost  predicted  by  this 
schedule  was  39  cents  less  than  the  cost  actually 
incurred,  which  is  largely  accounted  for  by  differ- 
ences between  1949-50  and  1952-53  price  levels. 

On  this  basis,  haul  costs  for  widely  different 
annual  crushes  are  shown  in  figure  03  for  the  six 
widely  separated  mill  areas. 

Variations  among  mill  areas  in  seed  availability 
resulted  in  corresponding  differences  in  average 
length  of  haul  and.  hence,  in  haul  costs  for  any 
specified  volume  of  seed. 


LABOR 

For  purposes  of  this  study,  mill  labor  was 
classified  into  the  following  types:  (1)  Seed  un- 
loading; (2)  production  labor;  (3)  meal  grinding 
(or  pelleting)  and  sacking;  and  (4)  product  load- 
ing. 

Seed  Unloading  Labor 

A  figure  of  0.128  man-hour  per  ton  was 
allowed  for  seed  unloading. 

This  amount  was  based  on  the  fact  that  two 
men  were  allowed  for  each  unloader  in  handling 
seed  into  storage.  Imloaders  are  commonly  run 
for  a  maximum  of  Hi  hours  per  day  during  the 
peak  of  the  seed  receipt  season.  The  capacity  of 
an  unloader,  under  these  circumstances,  is  250  tons 
per  day.     Therefore,  0.128  man-hour  is  required 
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for  unloading  1  ton  of  seed.7  This  figure  might 
have  been  somewhat  different  if  dump  instead  of 
pneumatic  unloaders  had  been  provided.  Pri- 
marily, to  simplify  analysis,  only  one  type  of  un- 
loader  was  used.  The  pneumatic  unloader  was 
selected  because  it  was  more  commonly  used  in 
most  sections  of  the  Cotton  Belt. 

Production  Labor 

Production  labor  is  defined  as  all  man- 
hours,  except  meal  grinding  and  sacking  labor, 
which  are  required  in  handling  seed  from  the 
point  of  storage  up  to  and  including  the  place- 
ment of  products  directly  from  the  production 
line  into  truck  or  car  for  delivery  purposes  or  in 
storage  for  later  shipment. 

Three  main  steps  were  involved  in  measuring 
production  man-hour  requirements.  First,  as 
machine  and  building  layouts  for  different  mills 
were  developed,  tentative  specifications  were 
made  of  production  labor  needs  of  each  mill, 
operating  at  different  extraction  rates.  These 
specifications  were  then  checked  for  reasonable- 
ness with  experienced  managers  of  well-operated 
mills.  Finally,  the  specifications  for  hydraulic 
mills  were  further  checked:  (1)  Against  tabula- 
tions of  the  1949-50  labor  force,  broken  down  by 
type  of  job,  for  9  sizes  of  hydraulic  mills;  (2) 
against  the  labor  records  for  16  hydraulic  mills 
in  the  Mississippi  Valley  for  each  season  from 
1935-36  through  1939-40;  and  (3)  against  man- 
power studies  of  a  number  of  other  individual 
mills  for  different  years.  Except  for  the  oil 
extraction  department,  the  same  checks  were 
assumed  to  apply  to  all  types  of  mills,  because  the 
equipment  is  the  same  in  all  mills  except  for  the 
oil-extraction  department.  Contacts  with  indi- 
vidual operators  of  screw-press  and  solvent  mills 
were  relied  on  for  checking  the  reasonableness  of 
the  labor  needs  of  the  oil-extraction  departments 
of  such  mills. 


Production  labor  requirements  for  various  type 
mills,  with  daily  crushes  ranging  from  20  through 
560  tons,  are  shown  in  table  64  and  in  figures  64 
through  67. 

In  terms  of  these  schedules,  a  number  of  facts 
stand  out.  Up  to  within  the  neighborhood  of  a 
250-ton  crush  per  day,  the  screw-press  mills 
required  less  labor  per  ton  of  seed  than  did  any 
other  type  of  mill.  For  larger  crushes  direct 
solvent  mills  had  a  slight  advantage.  Hydraulic 
mills,  whatever  their  size,  are  conspicuous  users 
of  manpower. 

Again,  production  man-hours  per  ton  of  seed 
crushed  tended  downward  with  increased  volume 
throughout  the  whole  range  of  daily  crushes  for 
each  type  of  mill.  However,  the  rate  of  decline 
was  slight  after  the  crush  reached  200  tons  per  day. 

Finally,  as  various  sizes  of  hydraulic  cookers 
accommodate  different  numbers  of  presses,  as 
shown  in  table  64,  the  addition  of  cookers  for 
additional  presses  results  in  the  fact  that  some 
relatively  big  hydraulic  mills  require  more  man- 
hours  per  ton  of  seed  crushed  than  do  immediately 
smaller  mills.  For  example,  with  1  cooker,  the 
daily  crush  could  be  increased  from  20  to  176  tons 
per  day.  As  this  was  done,  man-hours  per  ton  of 
seed  decreased  from  10.80  to  2.97.  At  this  point 
a,  second  cooker  had  to  be  added.  As  this  was 
done  man-hours  per  ton  of  seed  increased  to  3.11 
and  did  not  fall  below  2.97  until  the  daily  crush 
was  expanded  from  176  to  220  tons.  As  shown  in 
table  64,  and  figure  64,  the  same  principle  applied 
in  a  much  greater  degree  as  the  second  pair  of 
cookers  was  added. 

From  the  standpoint  of  production  man-hour 
requirements,  14-press  and  28-press  hydraulic 
mills  should  be  avoided,  as  they  require  additional 
cookers  and  men  without  being  able  to  crush 
enough  additional  seed  to  fully  utilize  the  labor 
capacities  of  the  needed  additional  men. 


The  equations  are  as  follow.- 


Number  of  seed  unloaders= 


Tons  of  seed  received  per  day 
250  tons  for  each  unloader 


(1) 


Seed  unloading  man  hours  per  day=16   (Xo.  unloaders)  +  0.064   (tons  of  seed  receipts  per  day),   where   16  is  the 
number  of  operating  hours  per  day  per  unloader  (2) 


Seed  unloading  man-hours  per  ton  of  seed= 


Seed  unloading  man-hours  per  day 
Tons  of  seed  received  per  day 


(3) 


Hence,  whatever  the  seed  receipts  per  day.  0.128  seed-unloading    man-hour    per    ton   is    required.     For  example. 
Mippose  seed  receipts  are  1,000  tons  per  day.     Then  seeding-unloading  man-hours  per  ton  of  seed 


16  (1,000  ton*  received  per  day 
250  tons 


+  0.064  (1,000  tons  received  per  day) 


1,000  tons  received  per  day 
16X1,000  tons  received  per  day  ,16X1,000  tons  received  per  day 


250 


250 


1,000  tons  received  per  day 
1,000  tons  received  per  day  (0.064  +  0.064 


1,000  tons  received  per  day 


0.1 28  man-hour  per  ton  of  seed  unloaded 
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Table  64. — Production    man-hour   requirement*   calculated  for  different   types  of  cottonseed  oil  mills,   by 

size  of  dad \i  crush 


Hydraulic  ' 

Screw 

press 

Direct 

solvent 

Prepress  solvent 

Size  of  daily  crush 

(tons  of  seed 

crushed  per  24 

1  cookc 
to  13 

r  and  1 
>resses 

2  cook 

14  to  25 

■rs  and 

presses 

4  cookers  and 
26  to  40  presses 

Men 
per  24 
hours 

Man- 
hours 
per  ton 

Men 
per  24 
hours 

Man- 
hours 

pe r  lull 

Men 
per  24 

111  inrs 

Man- 

hours) 

Men 
per  24 

hours 

Man- 
hours 
per  ton 

Men 
per  24 

hours 

Man- 
hours 
per  ton 

Men 
per  24 

hours 

Man- 
hours 
per  ton 

hours 
per  ton 

20 

No. 
27 
30 
30 
33 
36 
39 
42 
45 
48 
51 
51 
54 
57 
60 
60 
63 

No. 

10.  80 
8.  00 
6.  00 
5.  29 
4.  80 
4.  46 
4.  20 
4.  00 
3.  84 
3.  71 
3.  40 
3.  33 
3.  26 
3.  20 
3.  00 
2.  97 

No. 

No. 

No. 

No. 

ATo. 
21 
24 
24 
24 
27 
30 
30 
33 
34 
37 
37 
40 
40 
43 
43 
46 
46 
49 
50 
53 
53 
56 
56 
60 
60 
63 
63 
66 
67 
70 
70 
73 
73 
76 
76 
79 
79 
82 
83 
86 
86 
89 
89 
92 
92 
95 
95 
98 
98 
101 
101 
104 
104 
107 
107 

No. 
8.  40 
6.  40 
4.  80 
3.  84 
3.  60 
3.  43 
3.  00 
2.  93 
2.  72 
2.  69 
2.  47 
2.  46 
2.  29 
2.  29 
2.  15 
2.  16 
2.  04 
2.  06 
2.  00 
2.  02 
1.  93 
1.  95 
1.  87 
1.  92 
1.  85 
1.  87 
1.  80 
1.  82 
1.  79 
1.  81 
1.  75 
1.  77 
1.  72 
1.  74 
1.  69 
1.  71 
1.  66 
1.  68 
1.  66 
1.  68 
1.  64 
1.  66 
1.  62 
1.  64 
1.  60 
1.  62 
1.  58 
1.  60 
1.  57 
1.  58 
1.  55 
1.  57 
1.  54 
1.  56 
1.  53 

No. 

24 
27 
27 
27 
30 
33 
33 
36 
36 
39 
39 
42 
42 
45 
45 
48 
48 
51 
51 
54 
54 
57 
57 
60 
60 
63 
63 
(Hi 
66 
69 
69 
72 
72 
75 
75 
78 
78 
81 
81 
84 
84 
87 
87 
90 
90 
93 
93 
96 
96 
99 
99 
102 
102 
105 
105 

No. 

9.  60 
7.  20 
5.  40 
4.  32 
4.  00 
3.  75 
3.  30 
3.  20 
2.  88 
2.  84 
2.  60 
2.  58 
2.  40 
2.  40 
2.  25 
2.  26 
2.  13 
2.  15 
2.  04 
2.  06 
1.  97 
1.  98 
1.  90 
1.  92 
1.  85 
1.  87 
1.  80 
1.  82 
1.  76 
1.  78 
1.  73 
1.  75 
1.  69 
1.  71 
1.  67 
1.  69 
1  64 
1.  66 
1.  62 
1.  64 
1.  60 
1.  62 
1.  58 
1.  60 
1.  57 
1.58 
1.  55 
1.57 
1.  53 
1.  55 
1.  52 
1.  54 
1.  51 
1.  53 
1.  50 

No. 
27 
30 
30 
30 
33 
36 
36 
39 
39 
42 
42 
45 
45 
48 
49 
52 
52 
55 
55 
58 
58 
61 
63 
66 
66 
69 
69 
72 
72 
75 
75 
78 
78 
81 
81 
84 
84 
87 
87 
90 
90 
93 
93 
96 
96 
99 
99 
102 
102 
105 
105 
108 
108 
1  1  1 
111 

No. 
10.  80 

30 

8.  00 

40 

6.  00 

50 

4.  80 

60 

4.  40 

70 

4.  11 

80 

3.  60 

90 

3.  47 

100 

3.  12 

110 

3.  06 

120 

54 
57 
60 
63 
63 
66 
69 
72 
78 
81 
81 
84 
84 
87 
87 
90 
96 
99 
99 
102 
102 
105 
105 

3.  60 
3.  51 
3.  43 
3.  36 
3.  15 
3.  11 
3.  07 
3.  03 
3.  12 
3.  09 
2.  95 
2.  92 
2.  80 
2.  79 
2.  68 
2.  67 
2.  74 
2.  74 
2.  64 
2.  64 
2.  56 
2.  55 
2.  47 

2.  80 

130 

2.  77 

140 

2.  57 

150 

2.  56 

160 

2.  45 

170 

2.  15 

180 

2.  31 

190 

2.  32 

200 

2.  20 

210 

87 
87 
90 
90 
93 
93 
96 
102 
105 
105 
108 
108 
1  1  1 
1  1  1 
120 
120 
123 
123 
126 
126 
141 
141 
144 
144 
147 
147 
150 
150 
153 
153 
156 
156 
159 
159 
162 
162 

3.  31 
3.  16 
3.  13 
3.  00 

2.  98 
2.  86 
2.  84 
2.  91 
2.  90 
2.  80 
2.  79 
2.  70 
2.  69 
2.  61 
2.  75 
2.  65 
2.  66 
2.  59 
2.  59 
2.  52 
2.  75 
2.  69 
2.  68 
2.  62 
2.  61 
2.  56 
2.  55 
2.  50 
2.  50 
2.45 
2.  45 
2.  40 
2.  40 
2.  36 
2.  36 
2.  31 

2.  21 

220 

2.  11 

230 

2.  12 

240 

2.  10 

250 

2.  11 

260 

2.  03 

270 

2.  04 

280 

1.  97 

290 

1.  99 

300 

1.  92 

310 

1.  94 

320 

1.  87 

330 

1.  89 

340 

1.  84 

350 

1.  85 

360 

1.  80 

370 

1.  82 

380 

1.  77 

390 

1.  78 

400 

1.  74 

410 

1.  76 

420 

1.  71 

430 

1.  73 

440 

1.  69 

450 

1.  71 

460 

1.  67 

470 

1.  69 

480 

1.  65 

490 

1.  67 

500 

1.  63 

510 

1  65 

520 

1.  62 

530 

1.  63 

540 

1  60 

550 

1.  61 

560 

1  59 

1  Hydraulic  mills  are  classified  here  by  number  of  cook- 
ers to  show  the  sharp  break  in  downward  trend  of  labor 
requirements  per  ton  of  seed  crushed  that  occurs  with 
increase  in  number  of  cookers.  With  the  other  types  of 
mills  additional  machines  are  associated  with  such  small 


increments    of    labor    that    discontinuities    in    man-hours 
per  ton  of  seed  crushed  are  insignificant. 

Source:   Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (R'MA,  Title  II). 
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MAN-HOUR  REQUIREMENTS 

(PER  TON  OF  COTTONSEED) 

1 1.0 


10.0   - 


55    ■ 


9.0  - 


8.5  - 


n  men 


I  COOKER 


I  33  MEN 


2   COOKERS 


4  COOKERS   - 
«i 


6.0 


75 


70 


6.5 


6.0 


5.5 


5.0 


45 


4.0 


3.5 


3.0 


2.5 

v     I  I  i  ! 

30     50      10      90     110      130    ISO     HO    ISO    2/0    230   250    270    2S0    310    330    350    370    3S0  410    430   450   470    490    510    530    550 

TONS  OF  COTTONSEED  CRUSHED  PER  24  HOURS 
Fir.uRE  64. — Calculated  production  man-hour  requirements  for  hydraulic  cottonseed  oil  mills,  by  size  of  daily  crush. 
(Includes  supervisory  labor,  but  excludes  labor  of  superintendent,  manager,  and  office  force,  and  for  seed  unloading, 
storage,  and  packaging.) 
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MAN-HOUR  REQUIREMENTS 
(PER  TON  OF  COTTONSEED) 
9.5 


30  60  70    90     110     130    150    170    ISO    2/0     230  250    270    290    310    330    350    370    350    410    430   450   470  450    510    530  550 

TONS   OF    COTTONSEED    CRUSHED    PER    24  HOURS 

Figure  65. — Calculated  production  man-hour  requirements  for  screw-press  cottonseed  oil  mills,  by  size  of  daily  crush. 
(Includes  supervisory  labor,  but  excludes  labor  of  superintendent,  manager,  and  office  force,  and  for  seed  unloading, 
storage,  and  packaging.) 
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MAN-HOUR  REQUIREMENTS 
(PER  TON  OF  COTTONSEED) 
10.0 


30         60  70     90     110     130    (50     170    190   210    £30   250    270    ZSO   3/0     330   350   370   390   410     430    450   470    4S0    510    530  530 

TONS  OF  COTTONSEED  CRUSHED  PER    24  HOURS 

Fioure  66. — Calculated  production  man-hour  requirements  for  direct-solvent  cottonseed  oil  mills,  by  size  of  daily  crush 
(Includes  supervisory  labor,  but  excludes  labor  of  superintendent,  manager,  and  office  force,  and  for  seed  unloading, 
storage,  and  packaging.) 
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MAN-HOUR   REQUIREMENTS 
(PER  TON  OF  COTTONSEED) 
11.0 


IO.S 


90 


85 


27  MEN 


r-<£. 

r>21 

^S6 

r^g£J. 

612 

4« 

720 

744 

7«8 

IS!  ' 

60  70    SO      HO     130    150     (70    ISO    210     230    250    210    290    310    330  350   370   290   410     430    450   470    4J>0    510    530   550 
TONS  OF  COTTONSEED   CRUSHED  PER  24  HOURS 

Figure  67. — Calculated  production  man-hour  requirements  for  prepress-solvent  cottonseed  oil  mills,  by  size  of  daily  crush. 
(Includes  supervisory  labor,  but  excludes  labor  of  superintendent,  manager,  and  office  force,  and  for  seed  unloading, 
storage,  and  packaging.) 
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In  all  other  tjqoes  of  mills,  machines  may  be 
added  so  as  to  permit  the  expansion  of  the  labor 
force  by  a  man  at  a  time.  As  a  result,  small 
expansions  of  the  daily  crush  may  always  be 
associated  with  increased  output  per  man-hour. 

Production  man-hour  requirements  per  ton  of 
seed  were  the  same  in  any  area,  varying  only  by 
type  and  size  of  mill.  These  variations  are 
shown  in  figure  68  for  mills  in  this  report. 

Table  65. — Calculated  production  labor  require- 
ments for  different  types  of  cottonseed  oil  mills,  by 
specified  daily  crushing  capacities 


24-hour  crushing 

capacity  at  normal 

operating   rate 

(tons) 

Hydrau- 
lic mill 

Screw- 
press 
mill 

Direct 

solvent 

mill 

Prepress 

solvent 

mill 

40 .      - 

Man- 
hours 
6.00 

Man- 
hours 

Man- 
hours 

Man- 
hours 
6.  00 

50__ 

3.  84 

4.  32 

60 

4.  80 

75_- 

3.20 

80 

4.  20 
3.84 
3.  40 

3.  60 

100 

120-    _    . 

2.  72 

2.88 

l25-_ 

2.  37 

160_ 

3.  15 

2.  45 

175- 

2.  10 
2.00 

200 

220 

3.  12 

2.  95 
2.  80 

2.04 

240 

2.  10 

250    - 

1.  92 
1.  79 

1.  74 

300 

350 

2.80 

1.  76 

360 

2.  67 
2.  52 

400 

1.  66 

1.  62 

1.  74 

Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 

In  general,  there  is  little  difference  between  the 
production  labor  requirements  of  the  direct-solvent 
and  screw-press  processes.  Below  250  tons  per 
day,  the  screw-press  process  has  an  advantage, 
whereas  above  this  point  the  direct-solvent  shows 
a  slight  advantage.  Both  the  screw-press  and 
direct-solvent  mills,  whatever  the  size,  show  some 
advantage  over  corresponding  size  prepress-solvent 
mills.  However,  this  advantage  becomes  slight 
for  mills  crushing  240  tons,  or  more,  per  day. 

Although  the  smallest  prepress-solvent  mill  has 
no  labor  advantage  over  a  4-press  hydraulic  mill, 
all  larger  prepress  mills,  beginning  with  a  50-ton 
crush  per  day,  showed  increasing  labor  economies 
over  corresponding-size  hydraulic  mills. 

Meal  Grinding  (or  Pelleting)  and  Sacking  Labor 

Alan-hour  requirements  for  grinding  and  sack- 
ing meal  were  calculated  on  the  basis  of  6  man- 
hours  per  250  bags  of  meal  (100  pounds  per  bag), 
plus  an  allowance  of  3  man-hours  "set-up"  time 
per  grinding  period  (8  hours  or  less).  A  6-man 
crew  was  thus  considered  as  grinding  and  sacking 


meal  at  the  rate  of  12.5  tons  per  hour  or  100  tons 
per  8-hour  day.  In  other  words,  48  man-hours 
were  consumed  per  100  tons  of  meal  ground. 
One  setup  time  (3  man-hours)  was  allowed  for 
each  100  tons  of  meal  ground  or  sacked.  A  total 
of  51  man-hours  was  thus  needed  per  100  tons  of 
meal  ground  or  sacked  (48  for  grinding  and  3  for 
setup  time)  or  0.51  man-hour  per  ton. 

Product  Loading  Labor 

Product  loading  labor  is  defined  as  man-hours 
required  for  removing  linters,  hulls,  slab  cake,  and 
bagged  meal  from  storage  into  truck  or  car  for 
delivery  purposes.  All  quantities  of  these  prod- 
ucts which  were  not  stored  but  loaded  directly 
from  the  production  line  were  considered  as  not 
requiring  any  "product  loading"  labor. 

On  the  basis  of  data  from  16  Valley  mills  in 
1939,  the  products  differed  somewhat  in  their 
loading  labor  requirements.  On  the  average,  how- 
ever, this  requirement  was  0.5  man-hour  per  ton 
of  products  loaded.  Since  changes  in  product 
loading  methods  have  been  negligible  in  recent 
years,  this  average  was  used. 

Calculating  total  product  loading  man-hours  is 
further  dependent  on  how  much  of  each  product 
is  stored,  as  the  amount  which  goes  directly  from 
the  production  line  into  the  truck  or  car  for 
delivery  requires  no  loading  labor. 

It  was  considered  necessary  to  store  all  locally 
sold  products  for  short  periods,  since  local  cus- 
tomers come  in  for  them  at  will.  All  linters  were 
considered  as  being  stored  prior  to  being  loaded 
out,  as  the  rate  of  linters  production  was  not 
considered  sufficient  to  justify  having  a  freight 
car  on  dock  for  loading  linters  directly  off  the 
production  line.  It  was  also  considered  desirable 
to  load  all  bulk  meal  directly  after  grinding,  as  it 
would  hftve  to  be  sacked  before  storage.  (See 
p.  80.) 

As  available  shipping  facilities  would  permit 
direct  loading  from  the  production  line,  50  percent 
of  all  wholesale  sacked  meal,  75  percent  of  whole- 
sale slab  cake,  and  75  percent  of  all  hulls  sold 
wholesale  would  be  loaded  directly.  Product 
loading  labor  was  therefore  allowed  for  50  percent 
of  wholesale  sacked  meal  and  25  percent  of  whole- 
sale slab  cake  and  hulls. 

Seed  unloading  labor  requirements  per  ton  of 
seed  are  the  same  irrespective  of  type  of  mill,  size 
of  mill,  or  mill  location.  However,  meal  grinding 
(and  sacking)  and  product  loading  labor  may  vary 
somewhat  b}^  location  for  any  type  and  size  of 
mill,  owing  to  differences  in  meal  and  hull  yields 
per  ton  of  seed,  forms  of  meal  produced,  and  the 
amount  of  meal  and  hulls  which  are  sold  locally  and 
wholesale. 

Wage  Rates 

As  previously  stated,  it  is  common  knowledge 
that  mill  wages  are  highest  in  the  Far  West,  next 
highest  in  the  Southwest,  and  elsewhere  they  are 
approximately  equivalent  to  the  minimum  wage 
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Fioure  68. 


-Calculated  production  labor  requirements  per  ton  of  seed  processed  for  specified  daily  crushes,  by  type  of 
cottonseed  oil  mill  and  size  of  daily  crush. 


law  except  for  certain  big-city  mills.  This  com- 
mon knowledge  was  checked  against  information 
from  24  widely  scattered  mills  as  to  1949-50  aver- 
age wage  rates  after  the  minimum  wage  law  went 
into  effect  in  January  1949.  The  rates  are  shown 
in  table  66  for  the  widely  separated  mill  areas  in 
this  report. 

Are  wage  differentials  associated  with  different 
types  of  cottonseed  mills?     If  so,  what  are  they? 


There  were  so  few  localities  with  different  types  of 
mills  that  a  definitive  answer  was  not  possible. 
However,  data  from  such  localities  indicated  that 
the  average  wage  rate  for  screw-press  mills  was 
approximately  5  cents  higher  than  that  for  hy- 
draulic mills,  and  that  the  rate  for  direct-  and 
prepress-solvent  mills  was  about  5  cents  higher 
than  the  rate  for  screw-press  mills.  These  differ- 
entials were  used. 


Table  66. — Hourly  wage  rates  for  different  types  of  cottonseed  oil  mills,  by  mill  area,  194-9-50 


Mill  area 


Type  of  mill 


Prepress 
solvent 


Dirsct 

solvent 


Screw 
press 


Hydraulic 


I — Southeastern  N.  C 

II — North  Delta,  Ark 

III— South  Delta,  La 

IV— Eastern  Okla 

V— North  Blacklands,  Tex 
VI— Central  Calif 


Dollars 

0.  86 
.  87 
.  90 

1.  00 
1.  05 
1.  60 


Dollars 
0.86 
.87 
.  90 
1.00 
1.05 
1.  60 


Dollars 

0.  81 
.82 
.  85 
.95 

1.  00 
1.  55 


Dollars 

0.  76 
.  77 
.  80 
.  90 
.  95 

1.  50 


Source:  Based  on  reports  from  cottonseed  oil  mill  operators. 


123 


Dormant  Labor 

To  handle  maintenance  and  upkeep,  and  espe- 
cially to  assure  themselves  of  a  suppl}~  of  competent 
workmen  during  the  operating  season,  mills  which 
operate  less  than  a  full  12-month  season  usually 
employ  a  skeleton  crew  of  keymen  throughout 
their  shutdown  periods.  Such  labor  is  defined  as 
dormant  labor.  How  much  of  this  labor  it  is 
economical  to  employ  differs  widely  among  mill 
areas,  depending  on  the  difficult}'  of  obtaining 
seasonal  workers.  Because  of  the  greater  overhead 
burden,  a  mill  which  operated  only  6  months  would 
keep  a  smaller  proportion  of  its  total  labor  during 
its  dormant  period  than  would  a  mill  which 
operated  for  a  10-month  season. 

Data  were  not  sufficiently  complete  for  an  exact 
measure  of  dormant  labor  requirements.  In  view 
of  that  fact,  two  practices  were  followed  in  making 
this  study.  First,  on  the  basis  of  informal  obser- 
vation and  discussion  with  8  or  10  widely  scattered 
mill  operators,  dormant  labor  was  calculated  on  the 
basis  of  the  following  assumed  relations  between 
the  length  of  operating  season  and  the  ratio  of 
dormant  to  active  labor  requirements: 

■Length  of  Ratio  of  dorman* 

season  to  active  labor 

Months  Percent 

6 _ 33fc 

7 33^ 

8 33H 

9 66% 

10 75 

11 90 

No  dormant  labor  was  calculated  for  seasons  of 
less  than  6  months  as  that  was  the  shortest  season 
used  in  this  study. 

Second,  to  enable  local  judgment  to  adjust  this 
relationship  to  its  own  unique  situations,  tables  98 
through  103  were  developed  to  show  costs  and 
returns  both  with  and  without  the  inclusion  of 
dormant  labor. 

SALARIES 

As  used  here,  salaries  refer  to  payments  for 
managerial  services  and  office  help.  The  rates 
of  pay  for  these  services  were  developed  from  the 
1949-50  reports  of  90  mills  throughout  the  Cotton 
Belt  on  total  salaries  paid  and  total  tons  crushed.8 

The  average  relationship  between  these  salaries 
per  ton  of  seed  crushed  and  total  tons  crushed  was 
measured  by  classifying  all  the  mills  in  size  groups 
of  4,000-ton  intervals  and  then  fitting  a  curve 
(parabola)  to  these  group  averages.  This  relation- 
ship is  shown  in  figure  69. 9 


8  Data  provided  by  the  National  Cottonseed  Products 
Association. 

9  According  to  the  usual  procedure  in  problems  like  this, 
a  line  representing  the  average  relationship  between 
salaries  per  ton  crushed  and  total  tons  crushed  would  have 
been  developed  on  the  basis  of  all  the  mills,  rather  than 
on  the  averages  of  each  particular  size  group.  However, 
in  calculating  the  salaries  for  any  particular  size  of  mill, 
a  line  based  only  on  averages  of  mills  in  each  size  group 
was  more  realistic  than  a  line  that  was  influenced  at  every 
point  by  all  individual  mills  outside  each  given  size  group. 


The  size  of  crush  on  which  this  average  relation- 
ship was  based  did  not  extend  beyond  90,000  tons. 
As  this  study  considered  crushes  up  to  105,600 
tons,  it  was  assumed  that  the  increase  beyond 
90,000  tons  would  not  be  accompanied  by  any 
further  decline  in  the  cost  per  ton  of  managerial 
and  office  labor,  at  least  up  to  a  105,600-ton  crush. 


SALARIES 

(.DOLLARS  PER  TON  OF  SEED  PROCESSED) 

100 


SIZE   OF  ANNUAL    CRUSH    (lOOO    TONS  ) 


Figure  69. — Calculated  salaries  paid  by  cottonseed  oil 
mills  per  ton  of  seed  crushed,  by  size  of  annual  crush, 
1949-50. 

According  to  the  relationship  thus  developed, 
the  cost  of  managerial  and  office  force  gradually 
fell  from  $2.62  per  ton,  for  mills  under  a  4,000-ton 
crush,  to  as  low  as  $1.17  per  ton  for  mills  with  a 
crush  of  90,000  tons  and  more. 

UTILITIES 

Electric  power  and  water  were  included  in  the 
utilities  category  as  the  cost  rates  of  both  are 
affected  by  public  authorities. 

Electric  Power  Requirements 

Mills  described  in  this  report,  were  completely 
electrified.  Electric  power  rates  vary  somewhat 
over  large  geographical  areas  and  among  power 
companies  serving  the  same  general  region.  In 
most  localities  power  charges  depend  on:  (1) 
The  total  kilowatt-hour  consumption;  and  (2) 
the  maximum  kilowatt  demand  during  any  15- 
minute  portion  of  the  power  billing  period. 

Power  Consumption.  Power  requirements 
were  grouped  into  four  categories  to  facilitate 
calculation  of  consumption  and  demand:  (1)  Seed 
processing;  (2)  seed  unloading;  (3)  seed  cooling; 
and  (4)  meal  processing.  The  last  of  these 
categories  was  omitted  from  power  demand 
because  meal  grinding  and  pelleting  operations 
were  assumed  to  be  performed  during  periods  of 
lessened  demand  from  the  other  operations  so  as 
not  to  increase  the  total  demand  for  any  billing 
period. 

Electric  power  requirements  for  seed  processing 
were  divided  into  two  categories:  (1)  Delinting; 
and  (2)  producing.  Delinting  requirements  in- 
cluded the  power  for  operating  the  linters,  the  flue 
system  for  collecting  the  lint,  the  lint  cleaners,  and 
the  lint-baling  press. 
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Producing  requirements  included  the  require- 
ments for  conveying  seed  from  storage,  cleaning 
seed,  conditioning  (for  direct  solvent  mills)  and 
rolling  or  flaking  meats,  extracting  the  oil,  and 
handling  cake  or  meal  to  bins. 

The  same  power  requirements  for  delinting  of 
0.2  kilowatt-hour  per  pound  of  linters  were  used 
for  all  types  of  mills.  This  was  based  on  the  1937— 
.38  experience  of  six  hydraulic  mills  in  the  Missis- 
sippi Valley. 

For  different  processing  rates  in  a  given  mill, 
the  greater  the  rate  the  greater  the  throughput 
per  linter,  the  smaller  the  lint  yield  per  ton,  and 
the  smaller  the  power  requirement  per  ton  of  seed. 
Therefore  the  power  requirements  per  ton  of  seed 
vary  as  shown  in  table  67.  This  table  presents 
power  requirements  for  delinting  and  producing 
for  all  four  oil  extraction  processes. 

Producing  power  requirements  for  hydraulic 
mills  were  derived  from  the  same  source  as  de- 
scribed above  for  delinting.  Production  power 
requirements  for  the  other  three  processes  were 
based  on  the  requirements  for  the  hydraulic 
process  with  estimated  adjustments  where  the 
operations  were  not  the  same. 

The  electric  power  requirements  of  different 
type  plants  per  ton  of  seed  may  vary  somewhat  by 
size  of  mill  and  rate  of  operation,  being  higher  for 
small  mills  with  lower  operating  rates  than  for 
large  mills  with  high  operating  rates.10  Except 
for  screw  press  mills,  no  attempt  was  made  to 
measure  the  effect  of  variation  in  rate  of  operation 
on  producing  power  requirements  as  good  data 
were  not  available  for  this  purpose. 

In  screw-press  mills  presses  are  usually  set  so 
that  the  motors  are  fairly  well  loaded,  regardless 
of  the  tonnage  being  run  through  the  presses; 
hence,  the  power  requirement  per  ton  of  seed 
varies  with  the  processing  rate.  This  fact  was 
incorporated  into  the  estimates  of  power  required 
for  oil  extraction  in  the  screw-press  process. 
Power  requirements  for  the  oil  extraction  depart- 
ment in  screw-press  mills  were  based  on  observa- 
tions under  controlled  conditions  in  an  operating 
mill  over  a  3-month  period  in  1951. 

Estimated  requirements  for  the  oil  extraction 
department  in  prepress-solvent  plants  agreed  with 
published  figures.  No  published  figures  were 
available  on  the  power  requirements  for  the  direct- 
solvent  process. 

Based  on  the  1937-38  experience  of  the  6  Valley 
mills,  previously  mentioned,  3  kilowatt-hours  per 
ton  of  seed  were  allowed  for  seed  unloading  opera- 
tions, 15  kilowatt-hours  per  ton  of  meal  ground  or 
pelleted  were  allowed  for  meal-processing  opera- 


tions; and  7  kilowatt-hours  per  ton  of  seed  cooled 
were  allowed  for  all  seed  placed  in  storage. 

Power  Demand.  Maximum  electric  power 
demand  represents  the  maximum  rate  at  which 
power  is  used  during  any  15-minute  interval  of 
tlic  billing  period.  Power  demand  can  be  derived 
from  power  consumption  figures  by  multiplying 
the  kilowatt-hours  per  ton  of  seed  processed  by 
the  tons  of  seed  processed  per  hour,  to  give  a 
demand  in  kilowatts.  When  this  is  done  for  all 
the  operations  which  are  assumed  to  be  carried 
on  at  the  same  time,  the  maximum  demand  may 
be  determined.  For  this  study  the  maximum 
demand  was  assumed  to  be  determined  by  the 
seed  unloading,  seed  cooling,  delinting,  ami  pro- 
ducing operations. 

Table  67  shows  the  demand  per  ton  of  seed 
processed  per  hour  for  delinting  and  producing 
operations.     The  producing  demand  requirements 

Table  67. — Processing  power  demands  of  cotton- 
seed oil  mills,  by  type  of  mill  and,  operating 
rate  l 


Power  demand  per  ton 

of  seed 

per  hour  for — 

Type  of  mill  and  rate  of 

operation 

' 

Pro- 
ducing 2 

Delint- 
ing 

Total  3 

Direct  solvent: 

Kilo- 

Kilo- 

Kilo- 

Plant 1— 

watts 

watts 

watts 

Minimum 

32 

32 
32 

44.  5 
35.  6 

27.  4 

76.  5 

Normal- 

67.  6 

Max  imum  

59.  4 

Plants  2  through  5 — 

Minimum   _ 

32 
32 
32 

47.  5 
35.  6 
28.5 

79.  5 

Xormal 

67.  6 

Maximum 

60.  5 

Prepress  solvent: 

Plants  1  through  4 — 

Minimum 

56 
56 
56 

47.  5 
35.  6 
28.  5 

103.  5 

XormaL.            _    .    . 

91.  6 

Maximum  _                      . 

84.  5 

Plant  5— 

Minimum 

56 
56 
56 

52.  7 
35.  6 
31.  6 

108.  7 

Normal 

91.  6 

Maximum--       _    ,_ 

87.  6 

Screw  press: 

20  tons  per  press  per  24  hours. 

78 

44.  5 

122.  5 

25  tons  per  press  per  24  hours. 

70 

35.  6 

105.  6 

30  tons  per  press  per  24  hours. 

64 

29.  7 

93.  7 

35  tons  per  press  per  24  hours. 

59 

25.  4 

84.  4 

Hydraulic: 

8  tons  per  press  per  24  hours. 

36 

44.  5 

80.  5 

10  tons  per  press  per  24  hours. 

36 

35.  6 

71.  6 

12  tons  per  press  per  24  hours. 

36 

29.  7 

65.  7 

14  tons  per  press  per  24  hours. 

36 

25.  4 

61.  4 

10  The  same  principle  mav  apply  to  steam,  water,  and 
solvent  requirements.  However,  as  data  were  not  avail- 
able for  determining  these  variations,  steam,  water,  and 
solvent  requirements  were  assumed  to  be  the  same  for  any 
given  type  of  plant  irrespective  of  size  or  rate  of  operation. 
It  may  be  added  that  these  operating  costs  would  probably 
vary  more  from  mill  to  mill  than  by  size  of  mill  and  rate 
of  operation. 


1  Does  not  include  seed  unloading  and  seed  cooling 
power  demand. 

2  Includes  demand  for  conveying  seed  from  storage, 
cleaning,  hulling,  conditioning  (for  direct-solvent  mills 
only),  baling  linters,  rolling  or  flaking  meats,  oil  extraction 
operations,  and  handling  cake  or  meal  to  bins. 

3  These  kilowatts  per  hour  equal  power  consumption  per 
ton  of  seed. 

Source:  Data  obtained  through  contract  under  Agri- 
cultural Marketing  Act  of  1946  (RMA,  Title  II). 
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are  lowest  for  the  direct-solvent  process,  where  ho 
presses  are  involved,  and  highest  by  a  substantial 
margin  for  screw-press  plants.  The  other  two 
processes  fall  in  between  these  extremes. 

Figure  70  illustrates  the  relative  processing 
power  demands  for  the  various  mills  included  in 
this  report.  In  this  illustration,  it  was  assumed 
that  each  mill  was  operating  at  its  normal  rate. 
At  this  rate,  the  lint  yield  was  178  pounds  per  ton 
of  seed  processed  for  all  plants. 


POWER  DEM, 
(KILOWATTS) 
2000 


Figure  70. — Calculated  power  demand  for  cottonseed 
processing,  b}7  type  of  cottonseed  oil  mill  and  size  of 
daily  crush. 

Source:  Data   obtained   through    contract   under   Agri- 
cultural Marketing  Act  of  1946  (RMA,  Title  II). 


Seed  unloading  power  demand  was  calculated 
on  the  basis  of  a  maximum  power  demand  of 
approximately  50  kilowatts  per  seed  unload er  and 
an  allowance  of  1  pneumatic  unloader  per  250 
tons  of  seed  received  per  day.  If,  for  example, 
any  plant  unloaded  seed  at  a  rate  of  2,500  tons  per 
day  during  any  month,  it  would  have  used  10  un- 
loaders  simultaneously  for  at  least  a  15-minute 
period  during  the  clay;  hence,  its  seed  unloading 
demand  for  that  period  would  be  500  kilowatts 
(10  unloaders  x  50  kilowatts  per  unloader). 

The  allowance  of  1  seed  unloader  per  250  tons 
of  seed  received  per  day  was  based  on  the  fact 
that  the  hourly  capacity  of  an  unloader  was 
approximately  16  tons  and  that  unloading  opera- 
tions may  be  carried  on  for  approximately  16 
hours  per  day  during  the  peak  seed  receipts 
season. 

Unlike  extraction  and  mechanical  pretreatment 
department  power  demands,  seed  unloading  de- 
mand is  the  same  for  all  types  of  plants  processing 
the  same  amount  of  seed  per  day  and  having  the 
same  length  of  operating  season.  Seed  unloading 
demand  is  also  independent  of  the  rate  of  opera- 
tions in  the  extraction  and  mechanical  pretreat- 
ment department.  These  same  principles  also 
apply  to  seed  cooling  demand. 

For  purposes  of  plant  design  this  report  allowed 
1  cooling  fan  for  each  7,500  tons  of  seed  stored. 
However,  for  operating  purposes,  it  was  assumed 
that  on  the  average  1  cooling  fan  would  be  operated 


if  1  to  5,000  tons  of  seed  were  in  storage,  2  if  5,001 
to  10,000  tons  were  in  storage,  and  so  forth.  The 
maximum  power  demand  of  a  fan  was  50  kilowatts. 

Under  this  operating  assumption,  if  a  plant  had 
8,000  tons  of  seed  in  storage  daring  any  month, 
its  cooling  power  demand  was  considered  to  be  100 
kilowatts  for  that  month  (2  cooling  fans  x  50 
kilowatts  per  fan). 

This  assumption  was  used  in  calculating  seed 
cooling  power  demand  for  all  plants,  except  as 
adjustments  were  necessary  in  line  with  the  num- 
ber of  fans  actually  provided  by  the  plant  design 
assumption,  mentioned  above. 

The  maximum  demand  as  defined  above  for  the 
various  mills  in  this  study  is  shown  in  table  52. 

Power  Rates.  Using  the  power  demand  and 
consumption  information  in  the  two  preceding 
sections,  power  costs  were  computed  on  the  basis 
of  rate  schedules  of  power  companies  servicing 
the  mill  localities  in  which  mills  described  in  this 
study  were  considered  as  being  operated.  The 
most  favorable  power  rate  schedule  was  used  for 
each  mill. 

Power  rates  for  the  same  volume  of  power  serv- 
ices varied  somewhat  among  widely  separated  mill 
localities,  as  illustrated  in  figure  71. 
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Figure  71. — Calculated  power  charge  per  ton  of  seed  proc- 
essed by  4-press  screw-press  mill  operating  at  normal  rate 
for  12-month  season,  mill  areas  I  through  VI  (I — south- 
eastern N.  C;  II — Delta,  northeastern  Ark.;  Ill — Delta, 
southern  La.;  IV — eastern  Okla. ;  V — north  Tex.  Black- 
lands;  VI— central  Calif.),  1949-50. 

Water 

Water  Requirements.  Charges  are  incurred 
for  quantities  of  water  actually  used  in  seed 
processing  and  quantities  which  may  be  used  for 
fire-protection  purposes. 

Water  has  four  types  of  processing  uses: 
(1)  Sanitary;  (2)  steam  production;  (3)  condens- 
ing vaporized  solvent;  and  (4)  moistening  cotton- 
seed meats  and  cake. 

Ten  gallons  per  ton  of  seed  processed  were 
allowed  for  each  type  of  mill  for  sanitary  and  mis- 
cellaneous purposes.  This  amount  was  estimated 
by  assuming  a  requirement  of  30  gallons  per  man 
per  8-hour  shift  for  a  40-press  hydraulic  mill,  oper- 
ating at  10  tons  per  press  per  24  hours. 
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Hydraulic,  screw  press,  and  solvent  mills  require 
water  for  generating  steam  for  heating  ("cooking") 
cottonseed  meats.  Both  direct  and  prepress 
solvent  plants  require  large  amounts  of  water  to 
condense  the  solvent  vaporized  during  the  de- 
solventizing  of  the  extracted  solids  and  oils.  To 
reduce  these  cooling  water  usages  to  a  minimum, 
all  solvent  mills  were  provided  with  a  recirculating 
water  system  and  cooling  towers  in  the  extraction 
department. 

Water  requirements  for  cooling  purposes  were 
calculated  from  the  heat  load  to  be  dissipated  and 
an  assumed  rate  of  fresh  water  fed  into  the  system 
to  prevent  dissolved  solids  from  building  up. 
These  figures  were  in  line  with  the  limited  data 
which  were  available  from  actual  experience. 

All  mills,  except  direct  solvents,  require  water 
for  moistening  cottonseed  meats  and  cake.  Al- 
though difficult  to  measure  from  available  data, 
the  requirement  of  hydraulic  mills  for  this  purpose 
was  estimated  as  being  7  gallons  per  ton,  and  for 
screw-press  and  prepress  solvent  mills,  11  gallons. 

These  water  requirements  are  summarized  in 
table  68  by  t^ype  of  mill  and  type  of  water  use. 

Table  68. — Water  requirements  per  ton  of  cottonseed 
processed  in  different  types  of  mills,  by  type  of 
water  use 


Type  of  water  use 

Hy- 
draulic. 

Screw 
press 

Prepress 
solvent 

Direct 

solvent 

Sanitary  and  miscella- 
neous 
Steam  production 
Cooling  and  condensing 

Gal. 

10 
5 

Gal. 

10 

5 

30 

11 

Gal. 

10 

27 

173 

11 

Gal. 

10 
37 

274 

Moistening  meats 
and/or  cake  or  meal..' 

7 

Total 

22 

56 

221 

321 

Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 

Water  Rates.  Mills  commonly  provide  their 
own  sources  of  water  supply  through  well  and 
pump  installations.  To  calculate  water  costs  on 
this  basis,  however,  would  complicate  rather  than 
contribute  to  the  purposes  of  this  study.  As  an 
alternative,  such  costs  were  calculated  from  mti- 
nicipal  rate  schedules  in  localities  where  mills 
included  in  this  report  were  considered  as  being 
located. 

In  any  locality,  these  costs  vary  with  the  total 
amount  of  water  used.  Two  types  of  rates  are 
usually  available — one  called  the  calculated  cost 
per  number  of  gallons  or  cubic  feet  actually  used 
and  the  other  called  the  minimum  meter  charge. 
The  actual  charge  is  whichever  of  these  rates  gives 
the  larger  charge.  The  following  data  were  used 
in  determining  the  size  of  the  meter  involved  in 
the  minimum  meter  charge:  (These  data  were 
based  on  the  flow  of  water  in  pipes  at  3  feet  per 
second  velocity.) 


Water  consumption  per  day  (2i  hours)  Meter  size 

Gallons  Inches 

4,100 Vi 

7,200 % 

11,600 1 

19,800 IK 

27,400 \y% 

45,200 2 

99,300 3 

171,000 4 

Water  charges  for  private  fire  protection  con- 
nections also  were  computed  from  municipal  rate 
schedules. 

FUEL 

As  all  mills  described  in  this  study  were  con- 
sidered as  electrically  powered,  fuel  was  required 
only  for  generating  steam  needed  for  cookins; 
cottonseed  meats  or  desolventizing  oil  and  meal. 
Only  fuel  oil  was  considered,  although  natural  gas 
is  used  in  some  localities. 

According  to  Ayres  (1),  6  boiler  horsepower- 
hours  per  ton  of  seed  processed  are  required  by 
the  hydraulic  mills  for  cooking;  cottonseed  meats. 
The  same  figure  was  assumed  to  hold  for  screw- 
press  mills. 

A  steam  requirement  of  550  pounds  was  allowed 
per  ton  of  seed  for  the  prepress-solvent  process, 
which  is  in  substantial  agreement  with  the  findings 
of  Moore  (7)  and  Dunning  (3).  This  is  equivalent 
to  about  16.2  boiler  horsepower-hours  per  ton  of 
seed.  No  published  figures  on  steam  requirements 
for  direct  extraction  were  available,  but  a  few 
operating  mills  reported  760  pounds  per  ton  of 
seed  as  in  the  range  of  consumption.  This  is 
equivalent  to  about  22.4  boiler  horsepower-hours 
per  ton  of  seed. 

According  to  tests  conducted  on  boilers  of  the 
type  used  in  this  report,  slightly  less  than  2.25 
pounds  of  No.  3  fuel  oil  (18,500  British  thermal 
units  per  pound)  are  consumed  per  boiler  horse- 
power, which  is  equivalent  to  0.324  gallon.  (A 
gallon  of  fuel  oil  weighs  6.944  pounds.) 

In  terms  of  these  units,  the  fuel  requirements 
per  ton  of  seed  processed  by  type  of  mill  are  shown 
in  table  69. 

Table  69. — Steam   and  fuel  oil  requirements  per 
ton.  of  cottonseed  processed,   by   type   of  mill 


Type  of  mill 

Steam 

Boiler 
horse- 
power- 
hours 

Fuel 
oil1 

Hvdraulic     _                  _ 

Pounds 
205 
205 
760 
550 

Number 

6 

6 
22.  4 
16.  2 

Gallons 
2 

Screw  press. 

2 

Direct  solvent 

7 

Prepress  solvent 

5 

1  2.25  pounds  or  0.324  gallon  of  Xo.  3  fuel  oil  consumed 
per  boiler  horsepower-hour  (1  gallon  of  fuel  oil  weighs 
6.944  pounds). 

Source:  Data  obtained  through  contract  under  Agri- 
cull  ural  Marketing  Act  of  1946  (RMA,  Title  II). 
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For  purposes  of  estimating  fuel  costs,  these 
figures  may  be  considered  as  appropriate  for 
either  No.  3  or  Xo.  2  fuel  oil,  as  the  British  thermal 
units  per  pound  of  either  oil  are  approximately  the 
same,  18,500  for  No.  3  and  18,667  for  No.  2. 
Commercial  companies  reported  that  "No.  2 
and  No.  3  fuel  oil  are  now  the  same."  "No.  3" 
being  the  "old  designation"  for  present  "standard 
specifications"  of  No.  2  oil.  The  1949-50  price 
of  fuel  oil  was  12.5  cents  per  gallon. 

SUPPLIES 

Five  items  are  usually  included  in  the  supply 
category:  (1)  Linters  bagging  and  ties;  (2)  lubri- 
cants and  cleaning  materials;  (3)  meal  bags;  (4) 
press  cloth  and  mending;  and  (5)  solvent.  The 
first  three  items  are  used  by  all  types  of  mills; 
the  fourth  is  used  only  by  hydraulic  mills;  and 
the  fifth  is  used  only  by  solvent  mills. 

Linters  Bagging  and  Ties 

Bagging  cost  of  linters  was  calculated  at  8.2 
cents  per  100  pounds  of  linters  produced.  This 
calculation  was  based  on  the  assumption  that  the 
average  bale  of  linters  produced  Aveighted  625 
pounds,  exclusive  of  15  pounds  of  bagging  and  ties. 
As  6  yards  of  linters  covering  were  allowed  per 
bale  of  linters  (0.96  yard  per  100  pounds  of  linters 
produced)  and  the  price  of  8-ounce  linters  covering 
in  the  fall  of  1949  was  8.5  cents  per  yard,  the 
calculated  cost  of  linters  bagging  was  8.2  cents 
per  100  pounds  of  linters. 

In  addition,  11.7  cents  per  100  pounds  of  linters 
produced  was  allowed  for  cost  of  linters  ties.  This 
figure  was  based  on  the  fact  that  eight  ties  were 
required  per  bale,  which  is  equivalent  to  1.28  ties 
per  100  pounds  of  linters.  The  price  of  45-pound 
new  cotton  ties  during  the  fall  of  1949  was  $2.75 
per  bundle  of  30  ties  (including  freight)  or  9.16 
cents  per  tie.  Therefore,  the  calculated  cost  of 
ties  was  11.7  cents  per  100  pounds  of  linters. 

Lubricants  and  Cleaning  Materials 

Costs  for  lubricants  and  cleaning  materials 
were  calculated  on  the  basis  of  5  cents  per  ton  of 
seed  crushed. 

Press  Cloth  and  Mending 

It  was  assumed  that  hydraulic  mills  would  use 
0.4  pound  of  press  cloth  per  ton  of  seed.  A  wool 
press  cloth  price  of  $1.63  per  pound  was  used. 
This  figure  was  based  on  a  price  of  $1.60  per 
pound  of  cloth  f.  o.  b.  Columbia,  S.  C,  plus  $3.01 
freight  charges  per  hundredweight.  The  $1.63 
per  pound  of  cloth  was  equivalent  to  65.2  cents 
per  ton  of  seed  crushed.  Allowing  a  cloth  mending 
charge  of  3.5  cents  per  ton,  the  total  press  cloth 
and  mending  cost  was  69  cents  per  ton  of  seed 
crushed. 

Meal  Bags  (Including  Twine  and  Tags)* 

Meal  bag  costs  were  calculated  on  the  basis 
of  $4.50  per  ton  of  sacked  meal  or  pellets  produced. 
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This  cost  figure  was  obtained  by  averaging  the 
1949-50  montldy  prices  of  bags  for  linseed  meal. 
The  same  kind  of  sacks  are  used  for  both  linseed 
and  cottonseed  meal,  and  the  density  of  both  meals 
is  approximately  the  same. 

Solvent 

Although  the  same  solvent  may  be  used  many 
times,  some  solvent  is  lost  with  each  use.  Because 
of  a  different  structure  of  the  flaked  meats,  arising 
from  the  prepress  operation,  the  rate  of  solvent 
loss  is  lower  for  the  prepress  than  for  direct- 
solvent  mills. 

As  present  solvent  mills  are  all  relatively  new, 
the  art  of  getting  the  best  possible  perform- 
ance is  still  being  mastered.  Consequently,  the 
actually  experienced  solvent  loss  rate  is  prob- 
ably higher  now  than  may  be  expected  in  the 
"  future  as  more  experience  and  mastery  of  the  new 
process  are  gained.  The  hoped-for  rate  is  ap- 
proximately 1  gallon  per  ton  for  the  prepress- 
solvent  process  and  somewhat  higher  for  the 
direct-solvent.  In  practice,  however,  3  direct- 
solvent  mills,  having  a  combined  crush  of  over 
70,000  tons,  had  an  average  solvent  loss  of  approxi- 
mately 5  gallons  per  ton  in  the  1949-50  season. 
A  prepress-solvent  mill,  representing  a  crush  of 
nearly  40,000  tons,  reported  a  loss  of  nearly  3.5 
gallons  per  ton  for  the  1950-51  season. 

It  did  not  appear  feasible  to  analyze  the  com- 
parative economies  of  different  types  of  mills,  on 
the  basis  of  either  the  hoped-for  low  solvent  loss 
rate  after  the  new  technique  is  thoroughly  mas- 
tered, or  the  much  higher  actual  rate  in  the  early 
years  of  experience  with  the  new  process.  As  a 
consequence,  this  study  has  used  an  intermediate 
solvent  loss  rate  of  2  gallons  per  ton  for  prepress- 
solvent  mills  and  3  gallons  for  direct-solvent  mills. 
The  1949-50  cost  of  solvent  was  16  cents  per 
gallon. 

Table  70. — Cost  of  supplies  per  ton  of  cottonseed 
processed  or  products  produced,  by  type  of  mill 
and  supply  item,  1949-50 


Cost 

Type  of  mill  and  supply 
item 

Per  ton 
of  seed 

Per  100 

lb.  of 
linters 

Per  ton 
of  meal 

All  types  of  mills: 
Linter  bags 

Dollars 

Dollars 
0.08 

.  12 

Dollars 

Linter  ties 

Lubricants    and    clean- 
ing; materials 

0.  05 

Meal  bags 

4.  50 

Hydraulic  mills:  Press  cloth 

and  mending  materials 

Direct-solyent  mills:  Hexane 

.  69 

:  48 

Prepress-solvent  mills:  Hex- 

ane                                                   -  32 

Source:  Data  obtained  through  contract  under  Agricul- 
tural Marketing  Act  of  1946  (RMA,  Title  II). 


MILL  EXPENSE 

The  mill  expense  category  included  repairs; 
linter  room  upkeep,  and  other  mill  expenses. 

Repairs 

Differences  in  types  or  sizes  of  mills  were  not 
assumed  to  have  any  appreciable  effect  on  repair 
cost  per  ton  of  seed  processed.  The  1947-50 
average  repair  cost  of  $1.35  n  per  ton  of  seed  proc- 
essed for  Valley  mills  was  used  for  the  mills 
considered  in  this  report,  although  the  repair  cost 
was  a  little  higher  in  the  Southeast  probably 
because  mills  in  that  region  were  older  and  the 
cost  was  somewhat  lower  in  the  Southwest  for  the 
opposite  reason. 

Linter  Room  Expense 

Linter  room  expense  included  maintenance  costs 
for:  (1)  Linter  saws;  (2)  bristle  strips;  (3)  linter 
saw  files  or  glimmers;  and  (4)  miscellaneous 
items  such  as  belts,  brooms,  repairs  to  saw  filing 
machines,  and  other  small  items.  Costs  of  each  of 
these  maintenance  items  were  calculated  per  100 
pounds  of  linters  produced,  as  shown  in  table  71. 

Table  71. — Cost  of  linter  room  maintenance  and 
repair  expense  per  100  pounds  oj  linters  produced, 
1949-50  J 


Cost  item 


Linter  saws 

Xew  bristle  strip 

File  or  gummer __. 

Belts,  brooms,  and  miscellaneous 

Total 


Expense 


Cents 

4. 

64 

2. 

92 

3. 

78 

5. 

(id 

16.  34 


I  Prime  Mississippi  Valley  cottonseed  assumed. 
Source:    Data  obtained    through    contract    under  Agri- 
cultural Marketing  Act  of  1946  (RMA,  Title  II). 

The  bases  of  the  calculations  were  as  follows: 

Linter  Saws.  A  set  of  141  linter  saws  will 
produce  125,000  pounds  of  linters  from  Mississippi 
Valley  cottonseed  during  their  useful  life.  A  set 
of  saws  costs  $58  (1949-50),  including  delivery- 
charges.  In  these  terms,  linter  saw  cost  was 
equivalent  to  4.64  cents  per  100  pounds  of  linters 
produced. 

Bristle  Strips.  New  bristle  strips  (85  strips 
per  brush)  costing  $73  (1949-50),  including  de- 
livery charges,  are  required  every  other  time  new 
saws  are  put  on;  hence,  1  set  of  strips  produces 
250,000  pounds  of  linters.  This  cost  was  equiva- 
lent to  2.92  cents  per  100  pounds  of  linters  pro- 
duced. 

File  or  Gummer.  Under  average  conditions 
with  prime  Mississippi  Valley  cottonseed,  a  file  or 
gummer  will  be  worn  out  for  each  100  saws 
sharpened.  When  producing  linters  at  a  rate  of 
1,000  pounds  per  24  hours,  a  141-saw  linter  saw 

II  Data  from  the  National  Cottonseed  Products  Associa- 
tion. 


cylinder,  working  on  prime  Mississippi  Valley 
cottonseed,  will  require  2  sharpenings  per  24  hours. 
The  average  price  for  files  and  gummers,  in  the 
quantities  usually  purchased,  was  13.42  cents  each, 
including  delivery  charges.  Under  these  condi- 
tions, the  file  and  gummer  cost  was  equivalent  to 
3.78  cents  per  100  pounds  of  linters. 

Miscellaneous  Items.  Belts,  brooms,  repairs 
to  filing  machines,  and  other  small  items  of  ex- 
pense will  run  about  5  cents  per  100  pounds  of 
linters. 

Total  linter  room  expense  was  thus  estimated  (at 
16.34  cents  per  100  pounds  of  linters.  As  previ- 
ously indicated,  the  linters  yield  was  178  pounds 
per  ton  of  seed  for  all  types  of  mills  when  operating 
at  their  normal  rates.  In  these  terms,  linter  room 
expense  was  29.1  cents  per  ton  of  seed.  At  other 
operating  rates,  the  cost  would  be  somewhat  differ- 
ent, owing  to  variation  of  linters  yield  with  operat- 
ing rates. 

Other  Mill  Expense 

Other  mill  expenses  include  such  items  as  light 
bulbs,  cleaning  supplies,  janitor  work,  brooms, 
belts,  and  the  like  for  other  parts  of  the  mill  than 
the  linter  room.  These  costs  were  estimated  in- 
directly as  follows: 

The  1947-50  average  total  mill  expense  (includ- 
ing linter  room  expense)  for  Valley  mills  was  53.5 
cents  per  ton  of  seed  processed.12  For  all  practical 
purposes,  this  mill  expense  may  be  considered  as 
applying  exclusively  to  hydraulic  mills  as  the 
number  of  other  types  of  mills  in  this  area  was 
negligible  in  relation  to  the  total  number  of  mills. 
Since  linter  room  expense  was  calculated  above  as 
29.1  cents  per  ton  of  seed,  24.4  was  used  for  "other 
mill  expense"  for  all  types  of  mills,  except  screw 
press. 

A  large  number  of  operators,  having  experience 
with  both  screw-press  and  hydraulic  mills,  re- 
ported that  the  cost  of  barrel  bars,  worms,  filter 
cloth,  and  the  like  for  screw-press  mills  ran  about 
the  same  as  the  cost  for  press  cloth  and  mending 
in  hydraulic  mills.  In  these  terms,  "other  mill 
expense"  for  screw-press  mills  was  considered  to 
be  69  cents  higher  per  ton  than  that  for  hydraulic 
mills  or  a  total  of  93.4  cents  per  ton  of  seed 
processed. 

LABORATORY  SERVICES 

Chemical  analysis  of  both  cottonseed  and  cotton- 
seed products  is  a  well  established,  though  not 
universal,  practice  in  the  industry. 

These  analyses  fall  into  three  groups,  according 
to  the  purpose  they  serve. 

Cottonseed  Analysis 

In  order  to  purchase  seed  on  a  grade  basis, 
1  sample  is  made  of  each  25-ton  lot  of  seed  when 
received  at  mills.  The  normal  charge  (1949-50) 
for  this  service  was  $4  per  sample,  $3.75  of  which 
went  to  the  commercial  laboratory  performing  the 
service   and   25   cents  went   to   the   Government 

12  Data  from  National  Cottonseed  Products  Association. 
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whose  chemical  supervisors  assured  an  impartial 
analysis  of  purchased  seed  for  both  the  grower 
and  miller. 

Analytical  Control  Work 

Samples  are  also  made  for  controlling  the  day- 
to-day  efficiency  of  mill  operations.  Three  sam- 
ples are  involved:  One  of  seed  processed  per  24- 
hour  production  period;  1  of  cake  produced  each 
shift  (3  samples  per  day  for  mills  in  this  report) ; 
and  1  of  hulls  produced  each  24  hours. 

Comparison  of  these  analyses  of  seed  processed 
with  seed  product  yields  provided  a  measure  of 
day-to-day  operating  efficiency. 

Some  mills  do  their  own  control  analysis  work. 
In  this  report,  however,  it  was  assumed  that  such 
work  was  done  by  commercial  laboratories. 
Charges  for  such  services  are  so  much  per  sample, 
minus  a  discount  where  the  mill  contracts  all  its 
services  with  a  given  laboratory.  Both  the  charge 
per  sample  and  the  discount  rate  vary  somewhat. 
This  report  has  used  a  figure  of  $6.70  as  the  daily 
charge  for  analytical  control  work,  whatever  the 
size  of  crush. 

Product  Analysis 

To  check  the  quality  of  cottonseed  products 
being  marketed,  3  additional  analyses  have  been 
provided:  1  sample  per  tank  of  oil  for  determining 
refining  loss;  1  sample  per  cake  or  meal  shipment 
(60,000  lb.) ;  and  1  linter  sample  per  week  (second 
cut)  for  determining  cellulose  yield. 

Although  such  charges  vary  somewhat  among 
laboratories,  this  report  allowed  $5  per  tank  of  oil 
sample,  $3  for  one  linter  analysis  per  week,  and 
$1.25  per  cake  shipment  analysis,  assuming  that 
the  mill  contracts  analysis  of  all  cake  shipments 
with  a  given  laboratory. 

The  foregoing  services  are  summarized  in 
table  72. 

Table  72. —  Cottonseed  oil  mill  laboratory  services 
and  charges,  1949-50 


Charge 

Service 

Per 
sample 

Per 

day 

One  seed  sample  per  25-ton  lot  of  seed 
purchased 

Dollars 
4.  00 

Dollars 

Analytical  control  work: 

3  samples  per  day  of  cake  pro- 
duced (one  per  shift). 

1  hull  sample  per  24-hour  day. 

1  sample  per  day  of  seed  processed. 
Total  of  five  samples  per  dav 

6.  70 

One  oil  sample  per  tank  car  of  oil  :  _  _ 
One    cake   or   meal   sample   per   cake 

shipment  1 
One  linter  sample  per  week 

5.  00 

1.  25 
3.  00 

INSURANCE  ON  STOCKS 

Insurance  charges  were  allowed  for  the  average 
number  of  tons  of  seed  stored  per  month  and  for 
the  maximum  amount  of  each  product  stored. 

Insurance  ratings  depended  on  the  fire  protec- 
tion principles  already  described.  The  insurance 
rates  per  $100  value  of  seed  and  seed  products 
stored  are  shown  in  table  73  and  are  based  on 
data  from  the  Pacific  Fire  Rating  Bureau. 

Table  73. — Calculated  fire  and  extended  coverage 
■insurance  rates  for  stored  cottonseed  and  cotton- 
seed products,  1949-50 


Rate  per  $100  insu 

red  value 

Insured  item 

Ex- 

Fire 

tended 
cover- 
age 

Total 

Dollars 

Dollars 

Dollars 

Stored  seed 

1.430 

0.  022 

1.  452 

Stored  products: 

Oil 

.  728 

.  022 

.  750 

Meal 

.  355 

.060 

.  415 

Linteis    _          _ 

.  278 

.020 

.  298 

Hulls 

.  278 

.  020 

.  298 

Source:  Based  on  information  from  Pacific  Fire  Rating 
Bureau. 

BROKERAGE  FEES 

The  general  practice  of  cottonseed  oil  mill  opera- 
tors is  to  sell  through  a  broker  all  their  oil  and 
linters  as  well  as  all  meal  and  hulls  which  are 
shipped  in  carlots.  The  operator  himself  usually 
conducts  all  the  bargaining  transactions  on  all 
meal  and  hulls  which  are  "sold  locally." 

These  general  practices  have  been  assumed  for 
all  mills  considered  in  this  study.  Accordingly, 
brokerage  charges  have  been  allowed  for  all 
product  sales  except  for  those  portions  of  total 
meal  and  hull  sales  which  were  considered  as  being- 
sold  by  the  mill  operator  to  his  local  customer. 

After  checking  with  a  number  of  brokers,  the  fee 
rates  shown  in  table  74  were  used. 


Table  74. — Brokerage  fees  on  cottonseed  products 
sold  wholesale,  1949-50 


1  60,000  pounds  per  caroused  in  determining  total  num- 
ber of  samples. 

Source:-  Based  on  information  from  commercial  cotton- 
seed oil  mill  laboratories. 


Product 

Unit 

Fee 

Oil 

Meal  (any  form) . 

Linters  . 

Hulls .__._ ■ 

Tank  car  l 

Ton ' 

100  pounds 
Ton      

Dollars 

25.  00 

.50 

.05 

.  50 

1  Capacity  approximately  60,000  pounds  of  oil. 

Source:  Based  on  reports  of  cottonseed  oil  mill  products 
brokers. 
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OFFICE,  TRAVEL,   AND  AUTO  EXPENSE 

As  used  in  this  report,  office  expense  included 
office  communications  (such  as  telegraph,  tele- 
phone, and  postage)  and  supplies  (such  as  writing 
paper,  ink,  and  various  types  of  forms). 

Estimates  of  these  expenses  were  based  on 
1949-50  information  from  the  National  Cottonseed 
Products  Association.  They  were  estimated  on 
a  per  ton  basis  and  size  of  crush  in  the  same  way 
as  salaries,  mentioned  previously,  were  estimated. 

The  line  in  figure  72  was  used  in  estimating  office 
expense,  whereas  the  line  in  figure  73  was  used  for 
estimating  travel  and  auto  expense. 


TRAVEL  AND   AUTOMOBILE     EXPENSE 
(DOLLARS   PER   TON  OF  SEED  PROCESSED) 


OFFICE    EXPENSE 

(DOLLARS  PER  TON   OF    SEED  PROCESSED) 

0.50  — 


SIZE    OF    ANNUAL     CRUSH  (1000    TONS) 


Figure  72. — Calculated  office  expense  of  cottonseed  oil 
mills  per  ton  of  seed  processed,  by  size  of  annual  crush, 
1949-50. 
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Figure  73. — Calculated  travel  and  automobile  expense  of 
cottonseed  oil  mills  per  ton  of  seed  processed,  by  size 
of  annual  crush,  1949-50. 

WELFARE  RISKS 

Three  types  of  costs  were  included  in  the  cate- 
gory of  welfare  risks:  (1)  Social  security;  (2)  work- 
men's compensation;  and  (3)  general  liability. 
The  rate  of  3  percent  of  the  total  payroll  for 
social  security  and  unemployment  insurance  is  the 
same  in  all  the  States,  as  it  is  fixed  by  Federal 
statute. 

For  purposes  of  determining  worker  compensa- 
tion rates,  employees  fall  into  two  classes — plant 
workers  and  office  workers.  Compensation  rates 
for  plant  workers  are  much  higher  than  those  for 


Table  75. —  Workmen's  compensation,  general  liability,    social   security,    and   unemployment   insurance- 
rates,  for  cottonseed  oil  mills  in  specified  States,  by  type  of  insurance,  1951 


[Dollars  per  $100  of  payroll] 


Type  of  insurance 


Ark. 


Ala. 


Ariz. 


Calif. 


Ga. 


La. 


Miss. 


Mo. 


N.  C. 


Okla. 


S.  C. 


Tenn. 


Tex. 


compensa- 


Workmen's 
tion: 

Plant  workers — 

Solvent  mills.-. 
All  other  mills_. 

Office  workers 

General  liability: 

Visitors    injured 
around  plant — 
Bodily  injury  2. 
Property  dam- 


Visitors    injured    in 
office  buildings — 
bodily  injury  and 
property  damage. 
Social  security  and  un- 
employment insurance 
(3     percent    of    total 
payroll) 


Dot. 


4.  22 
3.  94 

.08 


038 
02 

013 


Dot. 


2.02 

1.  74 

.04 


.038 
.02 

.013 


Dol. 


6.  31 

6.  31 

.  11 


.  044 
.  02 

.  013 


Dol. 


■7.  17 

7.  17 
.07 


.  044 

.02 

.  013 


Dol. 


2.  91 

2.  66 

.05 


044 
02 

013 


Dol. 


'  4.  40 

4.  40 

.  07 


044 
02 

013 


Dol. 


4.  57 

4.  25 

.06 


038 
02 

013 


Dol. 


4.  44 

4.  16 

.08 


064 
02 

013 


Dol. 


3.  43 

3.  24 

.07 


044 
02 

013 


Dol. 


7.  20 

7.  54 

.  05 


.  057 
.  02 

.  013 


Dol. 


4.  62 

3.  70 

.09 


.  044 
.02 

.  013 


Dol. 


2.  94 
2.  57 

.  07 


.  044 
.  02 

.  013 


Dol. 


5.  23 
5.  33 

.08 


.  044 
.02 

.  013 


1  State  rating  manual  reads  "applicable  to  cottonseed-oil 
manufacture."  Presumption  was  that  rate  applied  to 
solvent  as  well  as  other  tvpes  of  mills. 

2  Limit  of  $100,000  for  any  one  person,  $300,000  maxi- 
mum for  3  or  more  persons. 


3  Limit    of    liability    $10,000    per    $25,000    of   property 
damage. 

Source:  State  rating  manuals. 
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office  workers,  owing  to  greater  accident  risks  in 
the  plant.  For  similar  reasons,  the  rate  for  direct 
and  prepress  solvent  plant  workers  is  somewhat 
higher,  in  most  States,  than  for  other  mills. 
Moreover,  these  rates  vary  widely  among  the 
various  States,  ranging  from  $1.74  per  $100  of 
plant  payroll  (for  hydraulic  and  screw-press  mills), 
in  Alabama,  to  $7/54  in  Oklahoma.  A  similar 
variation  also  holds  for  rates  on  office  workers. 

General  liability  covers  accident  risks  of  bodily 
injury  or  property  damage  to  visitors.  The  rate 
of  such  insurance  is  higher  with  respect  to  plant 
risks  than  the  rate  with  respect  to  office  risks, 
although  the  liability  rates  in  either  case  are  low 
in  comparison  with  those  for  welfare  risks.  For 
any  given  plant  the  rate  is  based  on  its  last  3-year 
history  and,  if  the  accident  rate  is  high,  the  actual 
insurance  rate  may  be  considerably  higher  than 
the  quoted  basic  rate.  It  was  assumed  that  the 
accident  rate  of  mills  included  in  this  report  would 
be  low  enough  to  receive  the  quoted  rates. 

As  costs  of  workmen's  compensation  insurance 
and  social  security  depend  in  part  6n  the  total 
payroll,  such  costs  are  affected  somewhat  by  the 
amount  of  dormant  labor  employed.  However, 
in  calculating  these  costs,  dormant  labor  was 
disregarded  because  it  was  not  enough  to  make 
any  appreciable  difference  in  total  processing  costs. 


V.  COTTONSEED  PRODUCT  PRICES 

The  ways  in  which  average  annual  cottonseed 
product  prices  (1949-50)  were  calculated  in  this 
study  are  described  under  the  headings  which 
follow. 

COTTONSEED  OIL  PRICES 

Cottonseed  (crude)  oil  is  sold  on  a  grade  basis, 
the  price  of  any  grade  being  derived  from  the 
price  of  100  grade  oil.13  Oil  price  varies  season- 
ally as  a  result  of  change  in  (1)  the  market 
demand  and  (2)  the  grade  of  oil  produced. 

The  average  annual  oil  price  received  by  any 
mill  was  obtained  by  weighting  the  monthly 
prices  of  100  grade  oil  by  (1)  the  calculated  grade 
and  (2)  the  amount  of  oil  produced  each  month. 
These  average  annual  prices  are  shown  in  table 
76  by  different  lengths  of  seasons  for  the  six 
widely  separated  mill  areas  included  in  the  report. 


13  Crude  cottonseed  oil  is  called  100  grade  if  (1)  its  free 
fatty  acid  content  does  not  exceed  3.25  percent,  if  (2)  its 
refining  loss  is  9  percent,  and  if  (3)  it  has  a  color  not  to 
exceed  7.6  red.  The  term  "grade",  as  employed  here,  is 
not  commonly  used  as  a  means  of  describing  crude  cotton- 
seed oil.  (See  Rules  Governing  Transactions  Between 
the  Members  of  the  National  Cottonseed  Association, 
1952.     Rule  142,  p.    61.) 


Table  76. — Calculated  average  cottonseed  oil  prices  per  pound  received  by  mills   operating  for  different 

lengths  of  season  in  six  mill  areas,  1949-50  1 


Length  of  operating  season  2 

Cottonseed  oil  price  per  pound  in — 

(months) 

Area  I 

Area  II 

Area  III 

Area  IV 

Area  V 

Area  VI 

4.8 

6.0 

6.4 

Cents 
11.238 
11.  238 
11.  236 
11.  245 
11.  244 
11.  236 
11.  231 
11.  203 
11.  196 
11.  166 
11.  147 
11.  130 
11.  113 
11.  Ill 
11.  104 
11.  089 

Cents 
11.  670 
11.  715 
11.  731 
11.  783 
11.  795 
11.  800 
11.  810 
11.  816 
11.  819 
11.  813 
1 1.  809 
11.  812 
11.  821 
11.  822 
11.  828 
11.  835 

Cents 
11.  442 
11.  481 
11.  485 

Cents 
11.  710 
11.  759 
11.  776 

Cents 
11.  710 
11.  759 
11.  776 
11.  831 
11.  844 
11.  850 
11.  863 
11.  869 
11.  873 
11.  870 
11.  867 
1 1.  870 
1 1.  880 
1 1.  882 
11.  886 
11.  893 

Ceyits 
11.  775 
11.  823 
11.  841 

7.2 ■ 

7.5 

11.  502   1            11.  831 
11.503               11.844 

11.  899 
11.  913 

7.7 

8.0 : 

8.7 

9.0 

9.6 

10.0 

11.  498 
11.  496 
11.  479 
11.  474 
11.  452 
11.  437 

11.  850 
11.  863 
11.  869 
11.  873 
11.  870 
11.  867 

11.  919 
11.  932 
11.  942 
11.  946 
11.  944 
11.  942 

10.3      _.. 

11.  426 

11.  870 

11.  944 

10.9 

11.415                11.880 

11.  956 

11.0 

11.414 
11.  399 
11.  391 

11.  882 
11.  886 
11.  893 

11.  957 

11.5 

12.0 

11.  971 
11.  981 

1  Based  on  1949-50  monthly  price  of  oil,  monthly  grade  of  oil,  and  proportion  of  total  oil  produced  each  month. 

2  Averaging  22  24-hour  working  days  per  month. 
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MONTHLY  PRICES  OF   100  GRADE   OIL 

The  monthly  prices  of  100  grade  oil  (1949-50) 
which  were  used  in  obtaining  the  average  annual 
prices  are  shown  in  table  77. 

Table  77.  — Calculated  monthly  price  of  prime  crude 
cottonseed   oil   at   Memphis,    Tenn.,    194-9-^50 

[Monthly  price  index  applied  to  average  1949-50  price] 


Month 


Price  (index 
X11.67)  2 


September 
October.  _ 
November 
December. 
January.. 
February. 

March 

April 

May 

June 

July 

August 


1  Computed  fiom  1921-39  cottonseed  oil  prices  f.  o.  b. 
Southeastern  points. 

2  This  11.67  cents  was  the  average  1949-50  price  per 
pound  for  prime  crude  cottonseed  oil,  Memphis,  monthly 
prices  weighted  by  United  States  total  monthly  productions. 

GRADES  OF   OIL  PRODUCED 

The  oil  grades  used  in  obtaining  the  above 
average  annual  prices  of  oil  were  calculated  by 
using  standard  formulas  based  on  the  free  fatty 
acid  content  of  seed  at  the  time  it  was  processed. 
This  involved  consideration  of  the  free  fatty  acid 
content  of  seed  when  received  and  how  it  was 
affected  by  length  of  storage  time. 

Free  Fatty  Acid  Content  of  Seed  as  Affected  by  Length  of 
Storage  Time 

At  the  time  the  seed  is  processed,  the  amount  of 
free  fatty  acid  is  equal  to  the  amount  of  acid  in  the 
seed  when  first  received  plus  the  increase  of  the 
acid  during  the  period  the  seed  is  stored  before  it  is 
crushed. 

Under  controlled  conditions,  Alderks  {2,  p. 
586)  estimated  that  the  free  fatty  acid  content  of 
seed,  as  received  by  mills,  increases  at  the  rate  of 
10  percent  .per  month,  if  it  is  stored  when  the  seed 
has  10-  to  ]  1-percent  moisture  and  is  stored  at  an 
average  temperature  of  50°  F.  Seed  of  higher 
moisture  content,  however,  would  deteriorate 
somewhat  faster  than  seed  with  10-  to  11-percent 
moisture.  Also,  seed  stored  at  higher  than  50° 
temperatures  would  be  expected  to  deteriorate 
faster  than  the  rate  indicated  for  50°.  However, 
a  mill  would  probably  work  the  highest-moisture 
seed  first  and  store  the  seed  having  the  lowest 
moisture  content.  Also,  it  would  likely  work  first 
the  highest-temperature  seed  in  storage.  As  a 
consequence,  trying  to  correct  the  above  deteriora- 
tion rate  for  actual  temperatures  would  be  difficult, 


with  data  available,  and  also  complicate  the 
problem  more  than  contribute  to  its  solution. 
Therefore,  the  10-percent  rate  of  increase  per 
month  of  storage  was  used  in  calculating  the  free 
fatty  acid  content  of  seed  at  time  of  processing. 

Length  of  Storage  Time  Per  Ton  of  Seed  Crushed  Used 
In  Calculating  Free  Fatty  Acid  Content  of  Seed  Proc- 
essed 

The  amount  of  time  each  ton  of  seed  remains  in 
storage  before  being  crushed  is  dependent  on  a 
mill's  crushing  schedule  and  its  total  volume  of 
seed  receipts. 

In  developing  such  schedules,  this  report  has 
used  all  the  assumptions  which  were  previously 
employed  .(pp.  68,  70-81)  in  determining  the  maxi- 
mum seed-storage  requirement  of  each  mill.  In 
addition,  it  further  assumed  that,  whenever  seed 
receipts  in  any  given  month  were  greater  than  the 
seed  crushed  in  that  month,  (1)  the  excess  seed 
would  be  kept  in  storage  until  the  first  following 
month  in  which  seed  receipts  were  less  than  the 
amount  of  seed  crushed,  and  (2)  that  the  seed 
which  had  been  stored  the  longest  would  be 
crushed  first.  These  steps  are  illustrated  in  table 
78  for  a  22-press  hydraulic  mill  operating  at  10 
tons  per  press  per  24  hours  during  an  8-month 
season.  December  is  the  first  month  in  which  the 
amount  crushed  was  greater  than  the  amount 
received.  The  December  crush  was  5,280  tons 
and  receipts  were  1,901  tons,  leaving  3,379  tons 
which  had  to  be  drawn  from  storage.  This  entire 
remainder  was  taken  from  6,336  tons  of  seed  which 
had  been  stored  in  September  and  which  had  been 
in  storage  longer  than  any  other  seed  on  hand. 

Through  the  use  of  such  crushing  schedules,  the 
number  of  storage  months  per  ton  of  seed  were 
calculated  for  the  volume  of  seed  crushed  each 
month,  as  shown  in  table  79.  These  storage  times 
were  then  used  in  computing  the  free  fatty  acid 
content  of  seed  crushed  each  month. 

Grade  of  Oil  Calculations 

Crude  oil  settlements  are  made  on  the  basis  of 
direct  analysis  of  oil  for  its  color  red  and  refin- 
ing loss,  in  line  with  Rule  142  of  the  National 
Cottonseed  Products  Association.  Obviously, 
this  procedure  could  not  be  used  in  this 
study.  But  the  same  result  could  be  accom- 
plished in  another  way:  Grades  may  be  calcu- 
lated directly  from  the  free  fatty  acid  content  of 
seed  at  the  time  they,  are  processed.  Multiply- 
ing these  grades  by  the  quantity  of  oil  and  its 
basis  price  will  give  approximately  the  same  values 
as  those  determined  by  the  above-mentioned 
trade  rule.  The  procedure  for  calculating  crude 
oil  grades  directly  from  their  free  fatty  acid  con- 
tent is  given  in  the  following  definitions  and 
equations: 

A  standard  grade  of  oil  is  considered  to  be  100 
grade  if  (1)  its  free  fatty  acid  (FFA)  content  does 
not  exceed  3.25  percent,  if  (2)  its  refining  loss  is 
9  percent,  and  if  (3)  it  has  a  color  not  to  exceed 
7.6  red. 
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Table  79. — Calculated  number  of  months  of  storage  for  seed  crushed  each  month,  by  length  of  operating 


season 


Length  of  operat- 

Months of  storage  for  seed  crushed  in — ■ 

ing  season  2 
(months) 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

4.8 

No. 
0 
0 
0 
0 
0 
() 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

No. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

No. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

No. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 

No. 
2 
2 
2 
2 
2 
2 
2 
3 
3 
2 
2 
2 
2 
2 
2 
2 

No. 
0 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

No. 

No. 

No. 

Aro. 

No. 

No. 

6.0  . 

6.4 

5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 

7.2 

5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

7.5 

7.7 

8.0 •__' 

8.7..     

6 
6 

7 
7 
7 
7 
7 
7 
7 

9.0 

9.6 

7 
7 
8 
8 
8 
8 
8 

10.0 

10.3.. 

8 
8 
8 
9 
9 

10.9 

11.0 

11.5 

9 

12.0 

9 

1  Based  on  standardized  schedule  of  operations. 

2  Averaging  22  24-hour  working  days  per  month.     22  working  days  may  fall  in  more  than  1  calendar  month  when  not 
enough  seed  is  available  for  continuous  operation. 


As  shown  by  Bailey  {2,  pp.  366-367),  FFA 
content  of  extracted  oil  from  a  given  cottonseed 
can  be  converted  into  percent  refining  loss  (RL) 
and  color  red  (CR)  as  follows: 


RL  =  2.1XFFA+4 
CR  =  l.lXFFA+4 


(1) 

(2) 


The  Quality  Index  of  crude  oil  is  determined  by 
FFA  and  CR,  and  is  considered  100  if  (1)  FFA 
is  not  greater  than  3.25  percent,  and  if  (2)  the 
oil  refines  with  a  CR  not  greater  than  7.6.  If 
CR  is  darker  than  7.6,  the  quality  index  is  lower 
than  100  by  one-half  of  1  percent  for  each  1  point 
excess,  as  follows: 

Quality  Index=100-[(CR-7.6)X0.5]        (3) 

If  FFA  exceeds  3.25  percent,  the  quality  index  is 
reduced  by  an  additional  1.5  percent,  as  follows: 

Quality  Index  =[100 -1.5]  -[(CR-7.6)  xO.51 

(4) 

The  Quantity  Index  is  determined  by  the  extent 
of  the  oil's  refining  loss,  and  is  considered  100  if  the 
refining  loss  is  9  percent.  If  the  refining  loss  is  less 
than  9  percent: 

Quantity  Index  =  100  +  (9  -Rcf.  loss)  x0.75 

(5) 

If  the  refining  loss  is  greater  than   9  percent: 

Quantity  Index  =  100  -  (Ref.  loss  -9)  X0.75 

(6) 


Any  grade  of  crude  cottonseed  oil  is  the  product 
of  the  quality  index  and  the  quantity  index  divided 
by  100,  as  follows: 


Grade 


Quality  index  x quantity  index 

100 


(7) 


To  illustrate  the  use  of  these  formulas,  take  the 
December  production  of  a  22-press  hydraulic  mill 
operating  8  months.  The  seed  crushed  in  this 
month  has  been  stored  for  an  average  of  2  months 
(table  79) .  The  FFA  content  of  such  seed  was  1 . 1 
percent,  as  the  FFA  was  0.9  when  the  seeds  were 
received  and  was  assumed  to  increase  at  the  rate 
of  10  percent  per  month  of  storage.  Substituting 
this  figure  in  formulas  (1)  and  (2)  above,  we  have 

RL=2.1  xl. 1+4=6.3 

CR=l.lxl.l  +4=5.2 

Hence,  by  definition,  the  Quality  Index  of  this 
oil  is  100. 

Substituting  6.3  in  formula  (5),  we  have 

Quantity  Index  =  100  +  (9  -6.3)  xO.75  =102 

Finally,  by  substituting  these  index  numbers  in 
formula  (7),  we  have 


Grade  of  oil  = 


100x102 

"  100 


=  102 


Through  the  use  of  the  preceding  tables  and 
formulas,  the  grades  of  oil  are  shown  in  table  80 
by  lengths  of  operating  seasons  for  the  mill  areas 
studied  in  this  report. 
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Table  80. — Calculated  average  -percentage  oj  "U.  S.  Standard"  grade  cottonseed  oil  produced  from  seed 
stored  for  specified  number  of  months,  by  mill  areas  I  through  VI,  1944~48 


Mill  area 


Grade  of  oil  from  seed  stored  for  months  numbering- 


0 

1 

Percent 

Percent 

99.  2 

98.  7 

102.  3 

102.  2 

100.  4 

100.  2 

102.  6 

102.  5 

102.  6 

102.  5 

103.  2 

103.  2 

3 

4 

5 

6 

7 

8 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

95.  8 

95.2 

94.  1 

93.  3 

92.  1 

91.  1 

101.  9 

101.  7 

101.  4 

101.  2 

1 00.  9 

100.  8 

99.  3 

98.  9 

96.  8 

96.  1 

95.  4 

94.  6 

102.  3 

102.  2 

102.  0 

101.  9 

101.  6 

101.  4 

102.  3 

102.  2 

102.  0 

101.  9 

101.  6 

101.  4 

103.  0 

102.  8 

102.  8 

102.  6 

102.  5 

102.  3 

I-. 

II. 
Ill 

IV 
V. 

VI 


Percent 
96.  6  | 

102.  0 
99.  8 

102.  5 

102.  5 

103.  0 


Percent 
89.  8 

100.  4 
93.  7 

101.  0 

101.  0 

102.  3 


1  Based  on  free  fatty  acid  content  of  seed  (2.  9,  0.9,2.1,  0.7,  0.7,  0.4  percentages  in  areas  I  through  VI,  respectively) 
increasing  at  the  rate  of  10  percent  for  each  month  the  seed  is  stored  before  crushing. 


COTTONSEED  LINTERS  PRICES 

As  this  study  involved  consideration  of  mills 
operating  at  different  linter  machine  rates,  a 
formula  was  developed  for  calculating  linters 
returns  in  terms  of  differences  in  linters  yields 
resulting  from  different  linter  machine  rates. 

In  the  1949-50  survey,  mentioned  in  connection 
with  linters  yields  (p.' 15),  approximately  $40 
was  the  average  revenue  for  linters  produced  by 
each  linter  machine  per  day  operating  at  the  rate 
of  5  tons  of  seed  per  24  hours. 

Assuming  that  the  quality  of  linters  will  remain 
the  same  and  all  changes  in  linters  revenue  owing 
to  changes  in  throughput  will  be  owing  to  changes 
in  linters  yield,  revenue  per  linter  machine  per 
24  hours  can  then  be  converted  to  linters  revenue 
per  ton  of  seed  by  the  following  relationship: 

Revenue  per  linter  per  24  hours      _  Dollars     per 
Tons  of  seed  per  linter  per  24  hours  of  seed 


ton 


The  revenue  per  linter  machine  would  differ  for 
different  prices  of  linters.  The  figure  of  $40,  used 
in  this  analysis,  was  the  1949-50  average  for  the 
mills  surveyed.  At  the  normal  rate  of  operation 
(5  tons  of  seed  per  24  hours),  the  linters  revenue  per 


ton  of  seed  crushed  was  calculated  to  be  $ 


COTTONSEED  MEAL  PRICES 

Meal-marketing  practices  are  especially  com- 
plex, as  a  given  mill  may  produce  as  many  as 
5  types  of  meal  and  sell  each  type  at  a  different 
price  in  2  markets — one  called  retail,  or  local, 
where  the  buyer  picks  up  the  meal,  and  the  other 
wholesale,  where  the  miller  ships  it  to  the  customer. 
Actually,  the  market  for  any  particular  mill  is 
never  this  complicated  but  it  is  always  far  from 
being  simple.  Adding  to  the  complication  is  the 
fact  that  each  mill  locality  is  more  or  less  its  own 
price  basing  point,  as  there  is  no  central  meal 
market  so  that  the  price  at  any  particular  mill  is 
the  central  market  price  minus  freight.  The 
matter  of  calculating  a  local  and  a  wholesale  price 


for  each  mill  area  in  a  given  region  is  further 
complicated  by  the  fact  that  individual  mills 
commonly  sell  1  type  of  meal  in  only  1  market, 
either  local  or  wholesale.  As  previously  indicated 
(p.  12),  prices  of  different  types  of  meal  in  differ- 
ent markets  were  calculated  from  1949-50  reports 
of  172  mills  on  their  meal  market  patterns  and 
prices.  Certain  assumptions  were  used  in  making 
these  calculations,  as  follows: 

Rule  One:  On  the  price  equivalence  of  sacked 
meal  and  cracked  or  sized  cake.  It  was  assumed 
that  the  prices  of  cracked  or  sized  cake  were  the 
same  as  the  prices  of  sacked  meal  in  any  locality. 
This  assumption  was  based  on  the  reports  of  46 
mills  which  sold  both  types  of  meal.  In  no  case 
was  there  more  than  a  nominal  difference  between 
the  price  of  sacked  meal  and  cracked  or  sized 
cake  in  either  the  local  or  the  wholesale  market. 

Rule  Two:  On  the  wholesale  price  of  sacked 
meal.  With  only  minor  exceptions,  sacked  meal 
is  the  most  commonly  produced  form  of  meal  in 
all  regions.  The  wholesale  price  of  sacked  meal 
(as  well  as  other  forms  of  meals)  varied  from  $1  to 
$5  per  ton  among  mills  in  any  cotton  production 
region.  This  variation  resulted  partly  from  tbe 
fact  that  mills  may  receive  different  prices  for 
meal  because  they  operate  for  different  lengths  of 
season  and  partly  from  the  fact  that  each  mill 
center  is  its  own  pricing  center,  as  previously 
stated. 

In  view  of  these  conditions,  the  wholesale  prices 
of  sacked  meal  for  small  mill  areas  (table  5)  were 
calculated  by  obtaining  the  average  price  of  a 
very  small  (never  less  than  3  nor  more  than  7) 
number  of  mills  in  closest  possible  proximity  to 
each  other.  This  procedure  tended  to  counteract 
the  effect  of  varying  lengths  of  operating  season 
with  respect  to  the  normal  price  received  b}r 
individual  mills. 

Rule  Three:  On  the  wholesale  prices  of  non- 
sacked  types  of  meal.  Except  for  sacked  meal, 
none  of  the  five  types  of  meal  was  customarily 
produced  in  every  cotton  production  region  (fig. 
74).  (Five  percent  of  the  total  production  was 
used  as  a  measure  of  "customarily  produced.") 
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FORMS  OF  COTTONSEED  MEAL  SOLD  3Y  MILLS 
(PERCENT) 


UNITED     EASTERN  PIEDMONT  COASTAL  DELTA         OZARK        SANDY       GULF  TEXAS       OKLAHOMA  LOW  HIGH  TEXAS       IRRI6ATED 

STATES     HILLY  PLAINS  OUACHITA   LANDS       COASTAL     BLACKL  AND  PRAIRIES    PLAINS       PLAINS       GRAZING 

PRAIRIES 

Figure  74. — Distribution  of  forms  of  cottonseed  meal  sold  by  cottonseed  oil  mills,  United  States  and  cotton-production 

regions,  1949-50. 


For  example,  there  were  appreciable  markets 
for  slab  meal  in  only  5  of  the  13  cotton  production 
regions;  bulk  meal  in  only  3  regions;  and  pellets  in 
only  7  regions  (fig.  74).  Moreover,  in  most 
regions  the  number  of  mills  producing  slab,  bulk, 
and  pellet  meal  was  much  smaller  than  the 
number  producing  sacked  meal. 

In  view  of  these  facts,  the  wholesale  prices,  used 
for  nonsacked  forms  of  meal,  were  obtained 
through  two  steps:  (1)  The  average  price  differ- 
entials between  wholesale  sacked  meal  and  each 
other  type  of  wholesale  meal  were  calculated  in 
each  region  for  mills  producing  two  or  more  forma 
of  wholesale  meal,  as  shown  in  table  81.  (2)  The 
wholesale  prices  of  slab,  bulk,  and  pellet  meals 
were  then  obtained  for  each  small  mill  area  by 
adding  these  differentials  to  the  wholesale  price 
of  sacked  meal  in  the  small  mill  areas.  For  ex- 
ample, the  wholesale  price  of  sacked  meal  for  mill 
area  II  in  the  north  Delta  region  was  $59.30 
per  ton.  As  slab  meal  was  calculated  to  sell  for 
$5.45  less  per  ton  than  wholesale  sacked  meal  on 
the  average  in  the  Delta  region  as  a  whole,  the 
wholesale  price  per  ton  of  slab  for  mill  area  II 
was  considered  as  $53.85.  The  same  principle 
was  applied  to  wholesale  bulk  and  pellets  in  any 


region  where  these  types  of  meal  were  customarily 
produced. 

Rule   Four:  On   local   prices   of  sacked   meal. 

Local  prices  of  sacked  meal  for  small  mill  areas 
were  obtained  through  two  steps:  (1)  The  aver- 
age regional  wholesale-local  price  differential  was 
calculated  on  sacked  meal  for  all  mills  in  a  given 
region  selling  such  meal,  both  locally  and  whole- 
sale (table  82).  (2)  This  differential  was  then 
added  to  the  wholesale  sacked  meal  prices  for 
individual  localities,  as  shown  in  table  5. 

For  example,  the  wholesale  price  per  ton  of 
sacked  meal  in  mill  area  II  was  $59.30  and  the 
wholesale-local  sacked  price  differential  for  11 
Delta  mills,  selling  sacked  meal  both  locally  and 
wholesale,  was  $1.85.  Accordingly,  the  local 
price  per  ton  of  sacked  meal  used  for  this  locality 
was  $61.15  (or  $59.30  +  $1.85). 

"By  this  rule,  mills  in  a  given  region  were  con- 
sidered as  receiving  different  local  prices  for 
sacked  meal,  although  their  local-wholesale  price 
differential  was  the  same.  It  was  necessary  to 
calculate  this  differential  on  a  regional  rather  than 
a  smaller  area  basis,  since  the  mills  selling  sacked 
meal  both  locally  and  wholesale  were  much  less 
numerous  than  those  selling  it  only  wholesale. 
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Table  81. — Calculated  wholesale  price  differentials  between  slab  and  sacked  meal,  bulk  and  sacked  meal, 
and  sacked  and  pellet  meal,  sold  by  cottonseed  oil  mills  in  specified  cotton  production  regions,  1949-50 


Price  differentials  l 

Region,  subregion,  and  United  States 

Slab  and  sacked  meal 

Bulk  and  sacked  meal 

Sacked  and  pellet  meal 

Mills 
reporting 

Amount 

Mills 
reporting 

Amount 

Mills 

reporting 

Amount 

Coastal  Plains. 

Number 

Dollars 

X  umber 
6 
3 

Dollars 
3.  85 
2.85 

Number 

Dollars 

Delta            .. 

4 

5.  45 

Central  Humid: 

Oklahoma  Prairies 

3 

10 

10 

5 

11 

2.  30 

Texas  Blacklands   _ 

2  9 

4.  30 

1.  95 

Central  Semi- Arid: 
Low  Plains 

3  8 

3.  55 

2.  05 

High  Plains 

2.  00 

Irrigated  (West) 

4 

4.  05 

2.  25 

United  States            _______ 

13 

4.  90 

21 

3.  85 

39 

2.  10 

1  Slab,  bulk,  sacked  and  pellet  forms  of  meal  rank  in 
price  from  the  lowest  to  highest,  respectively. 

2  Includes  1  mill  in  Gulf  Coastal  Prairies  subregion  and 
1  mill  in  Sandy  Lands  subregion. 


Table  82. — Price  differentials  between  local  and 
wholesale  cottonseed  sacked  meal  sales,  by  cotton 
production  regions,  1949-50 


Region  and  United  States 

Mills  report- 
ing sacked 
meal  sold 
both  locally 
and  wholesale 

Local-whole- 
sale sacked 
meal  price 

differential  ' 

Coastal  Plains 

Eastern  Hilly  and  Piedmont  _ 

Delta * 

Central  Humid 
Central  Semi- Arid 

Number 
15 

12 
11 
27 
15 
12 

Dollars 

2.  60 

3.  00 

1,  85 

2.  55 
2.  10 

Irrigated 

1.  30 

United  States 

92 

2.  25 

1  Local-wholesale  price  differential  is  equal  to  local 
price  minus  wholesale  price. 

Source:  Based  on  1949-50  "Cottonseed  Meal  and  Hull 
Sales"  survey  made  by  Fats  and  Oils  Branch,  PMA. 

Rule  Five:  On  prices  of  nonsacked  types  of 
locally  sold  meal.  In  all  regions,  slab  meal  was 
either  not  sold  locally  or  sold  in  negligible  quanti- 
ties. Only  in  the  West  was  bulk  meal  sold  both 
locally  and  wholesale  in  any  appreciable  quantities. 
The  same  was  true  of  pellets.  Moreover,  the  price 
differentials  between  sacked  meal  and  pellets  in 
both  the  wholesale  and  local  markets  were  ap- 
proximately the  same  in  all  regions,  although  the 
absolute  prices  varied  somewhat  from  region  to 
region  (table  5). 

Local  prices  for  pellets  were,  therefore,  obtained 
by  adding  the  regional  differential  between  whole- 


3  Includes  2  mills  in  Texas  Blacklands  subregion  and  2 
mills  in  High  Plains  subregion. 

Source:  Based  on  1949-50  "Cottonseed  Meal  and  Hull 
Sales"  survey  made  by  PMA,  Fats  and  Oils  Branch. 

sale  sacked  and  pellets  to  the  local  sacked  prices 
received  in  individual  localities  within  the  region. 
For  example,  the  price  of  local  sacked  meal  in  mill 
locality  44  in  the  Low  Plains  region  (table  5)  was 
$60.18,  and  the  sacked-pellet  differential  was  $2.05 
(table  81);  hence,  the  local  price  of  pellets  was 
estimated  as  $62.23. 

The  same  principle  was  used  for  obtaining  the 
price  of-  local  bulk  meal  in  the  West,  the  only 
region  in  which  this  form  of  meal  was  sold  both 
locally  and  wholesale  in  any  appreciable  quantities. 

COTTONSEED  HULL  PRICES 

Since  only  one  type  of  product  was  involved,  the 
problem  of  calculating  local  and  wholesale  prices 
of  hulls  and  the  local-wholesale  price  differential 
for  each  mill  area  in  a  given  region,  as  shown  in 
table  83,  was  much  simpler  than  in  the  case  of 
meal.  Local  hull  prices  for  small  mill  areas  were 
the  averages  of  a  very  small  number  (never  less 
than  3  nor  more  than  7)  of  mills  in  closest  possible 
proximity  to  each  other.  Wholesale  hull  prices 
for  small  mill  areas  were  then  obtained  through 
(1)  computing  average  local-wholesale  hull  price 
differential  for  all  mills  in  each  region  selling  hulls 
both  locally  and  wholesale,  and  (2)  then  adding 
these  differentials  to  local  hull  prices  of  small  mill 
areas.  These  differentials  ranged  from  $1.95  in 
the  Central  Semi-Arid  region  to  $2.70  in  the  East- 
ern Hilly  and  Piedmont  region. 

A  few  mills  reported  that  normally  there  was  no 
local-wholesale  hull  price  differential  in  their  lo- 
calities. Wherever  such  localities  were  used  in 
this  study,  the  same  price  was  used  for  both  local 
and  wholesale  hulls. 
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Table  83. — Price  differentials  between  local  and 
wholesale  cottonseed  hull  sales,  by  cotton  produc- 
tion regions,  1949-50 


Mills    reporting    hulls 
sold  both  locally  and 
wholesale 

Local- 
whole- 
sale 
hull 
price 
differ- 
ential ' 

Region  and  United 
States 

Total 

With- 
out 
price 
differ- 
ential 

With 
price 

differ- 
ential 

Coastal  Plains 
Eastern  Hilly  and  Pied- 
mont- 
Delta 

Central  Humid  . 
Central  Semi-Arid 
Irrigated               

Num- 
ber 
14 

JO 

14 

25 

10 

3 

Num- 
ber 
2 

2 
0 
5 
4 
1 

Num- 
ber 
12 

8 

14 

20 

6 

2 

Dol- 
lars 
2.  20 

2.  70 
2.  25 
2.  50 

1.  95 

2.  15 

United  States 

76 

14 

62 

2.35 

1  Local-wholesale  price  differential  is  equal  to  local  price 
minus  wholesale  price. 

Source:  Based  on  1949-50  "Cottonseed  Meal  and  Hull 
Sales"  survey  made  by  Fats  and  Oils  Branch,  PMA. 


VI.  COMPARATIVE  ECONOMIES  OF 
DIFFERENT  TYPES  AND  SIZES  OF 
MILLS 

Cost  and  revenue  items  per  ton  of  seed  were 
computed,  as  shown  in  tables  98  through  103, u  for 
different  mills  for  each  of  specified  volumes  of  seed. 
These  tables  provided  the  information  required  for 
resolving  the  first  major  question  of  this  study: 
What  is  the  most  economical  type  and  size  of  mill 
for  specified  volumes  of  seed  (crush)  throughout 
the  industry? 

For  reasons  previously  stated  (pp.  4  and  5),  9 
different  volumes  of  seed  were  selected  for  this 
analysis.  As  shown  in  table  2  these  volumes  repre- 
sented a  12-month  season  for  23  different  mills: 
5  direct-solvent,  5  prepress-solvent,  5  screw-press, 
and  8  hydraulic.  But  this  total  was  expanded 
(table  3)  to  67,  by  varying  the  length  of  season,  in 
order  to  determine  the  optimum  mill  of  each  type 
for  each  of  the  9  volumes  of  seed. 

In  the  tables,  the  numerous  cost  and  revenue 
items  per  ton  of  seed  fell  into  four  groups:  (1) 
Those  which  remained  the  same  for  any  type  and 
size  of  mill  or  volume  of  seed  crushed;  (2)  those 
which  varied  with  the  volume  of  seed  crushed;  (3) 
those  which  varied  with  type  of  mill;  and  (4)  those 

14  These  tables  were  placed  at  the  end  of  the  chapter 
because  they  are  essentially  reference  materials  on  which 
the  whole  analysis  of  the  chapter  is  based.  To  show  how 
change  in  type  and  size  of  mill  affected  individual  costs, 
it  was  necessary  to  carry  the  quantities  to  three  decimal 
points,  using  dollars  per  ton  of  seed  as  the  unit  in  all  cases. 


which  varied  with  both  size  and  type  of  mill  and 
volume  of  seed  crushed. 

In  handling  the  problem,  2  questions  must  first 
be  considered  concerning  the  relative  profitabilities 
of  mills  in  6  widely  separated  mill  areas,  repre- 
senting the  extremes  of  all  important  cost  and 
revenue  variables  of  the  industry  (pp.  7-12).  In 
each  of  these  areas  and  for  each  of  the  specified 
crushes,  (1)  what  is  the  optimum  mill  of  each  type, 
and  (2)  how  does  change  in  type  of  optimum  mill 
affect  total  cost  and  net  revenue  per  ton  of  seed 
processed? 

As  these  questions  are  resolved,  the  ground  is 
prepared  for  the  query:  (3)  What  is  the  most  eco- 
nomical type  and  size  of  mill  for  the  specified 
annual  crushes  for  any  mill  area  (keeping  in  mind 
that  this  question  is  bandied  in  terms  of  new  mills 
and  other  basic  assumptions  set  forth  on  pages 
2  and  3)? 

The  final  section  of  this  chapter  deals  with. the 
effect  of  change  in  size  of  specified  crushes  on 
revenue  and  costs.  (A  preliminary  report,  Agri- 
culture Information  Bulletin  No.  103,  dated  June 
1953,  showed  a  somewhat  higher  linters  revenue 
for  some  screw-press  mills  than  for  other  mills. 
These  differences  have  been  corrected  in  this  pub- 
lication. Discrepancies  between  the  two  reports 
are  owing  to  such  corrections.) 

PROFITABILITY  OF  DIFFERENT  MILLS  OF 
EACH  TYPE  FOR  DIFFERENT  VOLUMES 
OF  SEED  IN  MILL  AREAS  I  THROUGH 
VI 

Four  important  conclusions  may  now  be  drawn 
concerning  the  relative  economies  of  the  different 
types  of  mills  in  the  specified  mill  areas,  and  in  the 
third  section  of  this  chapter  similar  conclusions 
may  be  drawn  for  the  industry  as  a  whole. 

First,  in  general,  prepress  solvent  mills  ranked 
highest  in  net  revenue  yield  from  any  of  the  speci- 
fied volumes  of  seed;  direct  solvent  mills  ranked 
second;  screw  press  mills  ranked  third;  and  hy- 
draulic mills  ranked  fourth.     (Table  84.) 

There  were  a  few  minor  exceptions  to  this 
general  trend  in  mill  area  VI  in  connection  with 
the  52,800-  and  79,200-ton  crushes,  representing  a 
full  12-month  operation  for  the  third  and  fourth 
largest  direct-solvent  mills,  respectively.  In  the 
other  five  mill  areas,  these  crushes  were  handled 
somewhat  more  economically  by  prepress-solvent 
mills,  working  less  than  a  full  season  (tables  98 
through  102).  The  reverse  was  true  in  mill  area 
VI,  however  (table  103),  because  of  a  combination 
of  high  wage  rates  with  the  relatively  large  labor 
requirements  of  prepress-solvent  mills  during  their 
dormant  season.  Wherever  prepress-  and  direct- 
solvent  mills  of  the  same  daily  crush ing  capacity 
operated  for  the  same  length  of  season,  the  former 
always  yielded  the  greater  net  revenue,  even  in 
the  highest  wage  rate  areas.  However,  the  daily 
crushing  capacity  of  both  solvent  processes  was 
identical  for  only  the  largest  mills  (400  tons  per 
24  hours). 
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Table  84. — Cottonseed  oil  mills  and  optimum  mill  oj  each  type  ranked  in  the  order  of  calculated  profitability 
for  specified  volumes  of  seed  crushed  annually  in  mill  areas  I  through  VI,  1949-50 

ANNUAL  CRUSH:  10,600  TONS 


Mill 

Crushing 

capacity 

per  24  hours 

Length  of. 

operating 

season 

Order  of  profitability  (1  is  most  profitable) 

in — 

Area  I 

Area  II 

Area   III 

Area  IV 

Area  V 

Area  VI 

Prepress  solvent: 

Plant  1..                         

Tons 
40 
80 

50 
100 

50 

75 

40 
60 
80 

Months 
12.  0 
6.  0 

9.  6 
4.8 

9.  6 
6.4 

12.0 
8.0 
6.0 

Plant  2 ___ 

Direct  solvent: 

Plant  1 

Plant  2 

1 
2 
3 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

Screw  pres>: 

2  press, 

3  press 
Hydraulic: 

4  press 

3 

3 

3 

3 

3 

6  press 
-8  press 

4 

4 

4 

4 

4 

4 

ANNUAL  CRUSH:  13,200  TONS 


Direct  solvent: 

Plant  1 . 

Plant  2 

50 
100 

80 

50 

75 

100 

60 
80 

12.  0 

6.  0 

7.  5 

12.  0 
8.0 

6.  0 

10.  0 

7.  5 

2 
1 

3 

2 
1 
3 

2 
1 

3 

2 

2 

2 

Prepress  solvent:  Plant  2 
Screw  press: 

2  press 

3  press 

4  press 
Hydraulic: 

6  press 
8  press 

1 
3 

1 
3 

1 
3 

m 

■    4 

4 

4 

4 

4 

4 

ANNUAL  CRUSH:  21,100  TONS 


Prepress  solvent: 

Plant  2 

Plant  3 

Direct  solvent:  Plant  2___ 
Screw  press : 

4  press 

5  press 

Hydraulic: 

8  press 

1 0  press 

1 2  press 

Direct  solvent: 

Plant  2 

Plant  3 

Prepress  solvent:  Plant  3_ 
Screw  press: 

4  press 

5  press 

Hydraulic : 

10  press 

12  press 


80 
160 
100 

100 
125 

80 
100 
120 


12.  0 
6.0 
9.  6 

9.  6 

7.7 

12.  0 
9.  6 
8.0 


ANNUAL  CRUSH:  26,400  TONS 


100 
200 
160 

100 
125 

100 
120 


12.  0 
6.0 

7.  5 

12.  0 
9.6 

12.  0 

10.0 
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Table  84. — Cottonseed  oil  mills  and  optimum  mill  of  each  type  ranked  in  the  order  of  calculated  profitability 
for  specified  volumes  of 'seed  crushed  annually  in  mill  areas  I  through  VI,  1949-50 — Continued 


ANNUAL  CRUSH:  42,200  TONS 


Mill 


Prepress  solvent:  Plant  3- 
Direct  solvent:  Plant  3..  _ 
Screw  press: 

7  press 

8  press 

Hydraulic: 

1 6  press 

22  press 

24  press 


Direct  solvent:  Plant  3__. 
Prepress  solvent:  Plant  4. 
Screw  press: 

8  press 

10  press 

Hydraulic: 

20  press 

22  press 

24  press 


Crushing 

capacity 

per  24" 

hours 


Tons 
160 
200 

175 
200 

160 

220 
240 


Length  of 

operating 

season 


Months 
12.  0 
9.  6 

11.  0 
9.  6 

12.  0 
8.  7 
8.0 


Order  of  profitability  (1  is  most  profitable)  in — 


Area  1 


Area  II 


Area  III  Area  IV 


ANNUAL  CRUSH:  52,800  TONS 


200 
240 

200 
250 

200 
220 
240 


12. 

0 

10. 

0 

12. 

0 

9. 

6 

12. 

0 

10. 

9 

10 

0 

Area  V 


Area  VI 


ANNUAL  CRUSH:  83,400  TONS 


Prepress  solvent:  Plant  4_ 
Direct  solvent: 

Plant  4 

Plant  5 

Screw  press : 

10  press 

1 2  press 

Hydraulic:  24  press 


240 

300 
400 

250 
300 
240 


12. 

0 

9. 

6 

7. 

2 

11. 

5 

9. 

6 

12. 

0 

ANNUAL  CRUSH:  79,200  TONS 


Direct  solvent: 

Plant  4 

Plant  5 

Prepress  solvent:  Plant  5_ 

Screw  press: 

12  press 

14  press 

Hydraulic: 

30  press 

36  press 

40  press t 


300 
400 
400 

300 
350 

300 
360 
400 


12. 

0 

9. 

0 

9. 

0 

12. 

0 

10. 

3 

12. 

0 

10. 

0 

9. 

0 

ANNUAL  CRUSH:  105,600  TONS 


Prepress  solvent:  Plant  5^ 
Direct  solvent:  Plant  5___ 

Screw  press:   16  press 

Hydraulic:  40  press 


400 
400 
400 
400 


12. 

0 

12. 

0 

12. 

0 

12. 

0 
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Iii  figure  75,  the  relative  heights  of  the  lines 
show  the  calculated  effect  of  change  in  type  of 
optimum  mill  at  specified  crushes.  These  differ- 
ences were  due  entirely  to  variation  in  certain 
processing  costs  and  product  returns.  The  signif- 
icance of  the  slopes  of  the  lines  in  figure  75  is 
discussed  in  the  final  section  of  this  chapter. 

A  word  of  caution  is  required  against  an  attitude 
of  over-precision  in  connection  with  the  above 
rankings  of  the  optimum  mills,  for  two  reasons. 
First,  the  net  revenue  advantage  of  the  prepress- 
solvent  process  over  the  direct  solvent  may  not  be 
as  important  as  it  appears  to  be  in  this  report. 
The  advantage  rests  mainly  on  an  estimated  7- 
pound  difference  in  oil  yield  per  ton  of  seed  as  the 
total  processing  costs  were  not  significantly  differ- 
ent. In  recent  months,  some  operators  reported 
distinct  improvements  in  oil  yields  by  the  direct- 
solvent  process.  Also,  some  operators  of  direct- 
solvent  mills  believe  that  improvements  in  oil 
quality  are  associated  with  higher  residual  oil  in 
meal,  and  that  the  greater  ease  of  pelleting  with 
higher  residual  oil  counterbalances  the  greater  oil 
yield  by  the  prepress-solvent  process. 

The  second  needed  caution  concerns  the  findings 
on  the  optimum  mill  of  a  particular  type  for  some 
of  the  specified  crushes.  This  caution  stems  from 
the  lack  of  any  exact  knowledge  of  a  mill's  dor- 
mant season  labor  requirements.  For  this  reason 
this  report  shows  calculations  of  net  revenues  both 
before  and  after  payments  for  dormant  season 
labor,  so  as  to  enable  local  judgment  to  make 
whatever  adjustments  might  be  justified  by  unique 
local  situations.  The  point  here  is  that  downward 
adjustments  may  modify  the  report's  findings  as 
to  which  particular  mill  of  a  given  type  represents 
the  optimum  for  some  crushes.  For  example, 
inspection  of  tables  98  through  103  shows,  at  a 
10,600-ton  crush,  the  6-press  hydraulic  mill  as 
somewhat  more  profitable  than  the  8-press  mill 
(from  3  to  40  cents  per  ton)  in  all  6  areas.  As  the 
8-press  mill  handled  this  crush  in  a  2-month  shorter 
season,  it  had  from  45  to  90  cents  per  ton  more 
dormant-season  labor  cost,  depending  on  the  mill 
area.  As  a  consequence,  the  6-press  mill  turned 
out  to  be  more  economical  by  the  calculations  of 
this  report. 

The  second  general  conclusion  was  that  if  widely 
different  volumes  of  seed  can  be  obtained  at  the 
same  cost  f.  o.  b.  gins,  a  full  12-month  season  is 
most  profitable  for  any  given  mill,  whatever  the 
type.  For  example,  table  99  shows  that  varying 
the  length  of  season  of  an  8-press  hydraulic  mill 
in  area  II  had  the  following  results: 

Revenue  per  ton 


_  Cost  per  ton       Total  Net 

season  (dollars)       [dollars)       (dollars) 

deration 66.72       70.63  3.91 

8-month  operation 65.  18       70.88  5.70 

7.  96 


6-month  opera 

8-month  operation.  u.j.  io        <<j.  oo 

12-month  operation 63.05       71.01 


The  same  principle  applied,  generally,  to  all 
types  and  sizes  of  mills  in  all  areas.  However,  if  the 
amount  of  seed   which   can  be  obtained   at   the 


"going  price"  is  very  limited,  the  optimum  mill 
(whatever  the  type),  is  sometimes  not  the  one 
requiring  the  longest  possible  season,  but  a  larger 
mill  operating  a  shorter  season.  The  main  reason 
for  this  is  that  the  greater  savings  in  current  cost 
per  ton  of  the  larger  mill  will  more  than  offset 
its  fixed  charges,  even  though  it  operated  for  a 
shorter  period.  This  fact  was  particularly  true 
for  the  10,600-ton  crush. 

This  crush  represented  a  12-month  season  for  4- 
press  hydraulic  mills;  8  months  for  6-press  mills; 
and  6  months  for  8-press  mills.  Without  excep- 
tion, the  6-press  mill  was  the  most  economical. 
It  was  able  to  process  the  10,600  tons  of  seed  in 
area  I,  for  example,  at  a  total  cost  of  $68.98  per 
ton  as  compared  with  $69.22  per  ton  for  the  4-press 
mill.  Also,  the  6-press  mill  received  45  cents  more 
oil  revenue  per  ton  of  seed,  for  reasons  previousby 
stated.  As  the  other  product  returns  per  ton  of 
seed  were  the  same  in  both  cases,  the  6-press  mill 
realized  69  cents  more  net  revenue  per  ton  of  seed 
than  the  4-press  mill  and  3  cents  more  than  the 
8-press  mill  (table  98).  Again,  the  same  crush 
represented  a  full  season  for  the  smallest  prepress 
solvent  mill  of  40  tons  per  24  hours  but,  in  all  6 
mill  areas,  the  second  smallest  mill,  crushing  80 
tons  per  day  and  operating  only  6  months,  realized 
a  greater  net  revenue  per  ton,  primarily  because 
of  its  lower  labor  cost  per  ton  (tables  98  through 
103).  The  same  principle  generally  held  for  the 
screw-press  and  direct-solvent  processes. 

Third,  as  shown  in  figure  76  and  table  85,  the 
range  of  calculated  differences  in  net  revenue  per 
ton  of  seed,  arising  from  a  change  in  type  of  mill 
at  specified  crushes,  varied  substantially  among 
the  six  widely  separated  mill  areas.  Broadly 
speaking,  among  these  six  areas  the  advantage  of 
shifting  from  hydraulic  to  screw-press  operations 
was  about  $1  per  ton  in  the  area  least  favorable 
to  such  a  shift  and  about  $2  per  ton  in  the  area 
most  favorable.  In  like  manner,  the  advantage  of 
a  shift  from  the  hydraulic  to  the  direct-solvent 
process  was  from  approximately  $2.25  to  $3.75 
(depending  on  the  size  of  mill  or  crush)  in  the 
area  least  conducive  to  the  change,  and  about 
$3.25  to  $4.75  in  the  area  most  favorable  to  the 
change.  The  same  principle  applied  to  a  shift 
from  hydraulic  to  prepress-solvent,  except  that 
the  margin  of  advantage  was  greater. 

The  advantage  (whether  minimum  or  maxi- 
mum) of  shifting  from  the  hydraulic  to  screw-press 
process  showed  no  general  tendency  to  change  with 
size  of  mill.  However,  in  shifting  from  the  hydrau- 
lic to  either  of  the  solvent  processes,  the  ad- 
vantage tended  to  increase  as  the  size  of  crush 
increased.  For  example,  shift  from  the  hydraulic 
to  prepress-solvent  process  at  13,200  tons  showed 
a  minimum  advantage  of  approximately  $3  per 
ton,  as  compared  with  approximately  $4  at 
79,200  tons. 

The  same  principle  applied  to  a  shift  from  the 
screw  press  to  either  of  the  solvent  processes. 
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NET    REVENUE 

(DOLLARS  PER  TON  OF  SEED  PROCESSED) 


•  PREPRESS   SOLVENT 
©DIRECT    SOLVENT 
O  SCREW   PRESS 
X  HYDRAULIC 


20    30   40    50   60    70    80   90  100  110    120   130   140 
SIZE  OF  ANNUAL  CRUSH(I000  TONS) 


10    30    40     50    60    70     80    90    100    110     120    130    140 
SIZE  OF  ANNUAL  CRUSH(IOOOTONS) 


20     30    40    50    60     70    80    90     100   110     120  110  140 
SIZE  OF  ANNUAL   CRUSH(lOOOTONS) 


FinuRE  75. — Calculated  net  revenue  of  optimum  mill  for  each  type  of  cottonseed  oil  mill  at  different  volumes  of  seed 
crushed  annually,  mill  areas  I  through  VI  (I — southeastern  North  Carolina;  II — Delta,  northeastern  Arkansas;  III — 
Delta,  southern  Louisiana;  IV — eastern   Oklahoma;  V — north  Texas  Blacklands;  VI — central  California),   1949-50. 

Table  85. — Calculated  minimum  and  maximum  differences  in  net  revenue  per  ton  of  seed  crushed  resulting 
from  changes  in  types  of  cottonseed  oil  mills  at  specified  annual  crushes,  in  six  widely  separated  mill 
areas,  1949-50 


Annual  crush 
(tons) 


Minimum  or  maximum 
difference  in  net  revenue 


Gain  in  net  revenue  through  shifting  from- 


Hvdraulic  to — 


Screw 
press 


Direct 

solvent 


Prepress 
solvent 


Screw  press  to- 


Direct 

solvent 


Prepress 
solvent 


10,600. 
13,200. 
21,100. 
26,400. 
42,200. 
52,800. 
63,400. 
79,200. 
105,600 


f  Minimum . 
\  Maximum 
f  Minimum 
\  Maximum 
f  Minimum. 
[Maximum 
/Minimum. 
\  Maximum 
/Minimum. 
\  Maximum 
f  Minimum 
1  Maximum 
(Minimum. 
1  Maximum 
f  Minimum. 
1  Maximum 
f  Minimum. 
\  Maximum 


Dollars 

1.  13 

2.  42 
.  99 

2.61 
1.05 
1.98 

1.  08 

2.  28 
.89 

1.  81 

1.  08 

2.  37 
.86 

1.  72 

1.  15 

2.  28 
.  98 

1.  98 


Dollars 

1.  91 

2.  71 

2.  33 

3.  23 
2.  28 
3.37 
2.  82 
4.09 

2.  66 

3.  93 

3.  25 
4.81 

2.  64 

4.  02 

3.  65 

4.  92 

3.  68 

4.  72 


Dollars 

2.  30 

3.  30 

2.  93 

3.  87 

3.  12 

4.  25 

3.  09 

4.  31 

3.  75 

5.  00 
3.49 

4.  68 

3.  84 

4.  98 

3.  87 

4.  86 

4.  36 

5.  34 


Dollars 
0.24 
1.  28 
.57 

1.  70 
1.05 

2.  25 

1.  25 

2.  50 
1.32 
2.  81 

1.  59 

2.  85 
1.43 

3.  16 
2.03 
3.  15 

2.  29 

3.  15 


Dollars 

0.  63 
1.89 

1.  17 

2.  37 
2.  09 

2.  81 

1.  52 

3.  23 

2.  46 
3.59 

1.  83 

3.  27 

2.  63 

3.  71 

2.  25 

3.  58 
2.97 
3.  81 
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OIFFERENCE    IN  PROFIT 

(DOLLARS  PER  TON  OF  SEED  PROCESSEO) 


SCREW  PRESS  TO  PREPRESS  SOLVENT 


^-SCREW  PRESS  TO  DIRECT  SOLVENT 


■r 

/ 


-HYDRAULIC  TO  PREPRESS  SOLVENT 


-HYDRAULIC  TO  DIRECT  SOLVENT 


-HYORAULIC  TO  SCREW  PRESS 


SIZE  OF  ANNUAL  CRUSH  (IOOO  TONS) 

Figure  76. — Calculated  minimum  and  maximum  profit 
differences  resulting  from  a  shift  from  lower  to  higher 
oil-yielding  types  of  cottonseed  oil  mills,  1949-50. 
(Calculations  based  on  estimated  profits  in  six  widelj7 
separated  mill  areas.) 

EFFECT  OF  CHANGE  IN  TYPE  OF  MILL  ON 
TOTAL  REVENUE  AND  COSTS  PER  TON 
OF  SEED 

Before  drawing  any  conclusions  as  to  the  relative 
economies  of  the  different  types  of  cottonseed 
processes  for  mill  areas  generally,  it  is  necessary 
to  examine  the  way  in  which  variation  in  type  of 
mill  in  the  six  widely  separated  areas  affected 
revenue  and  cost  per  ton  of  seed. 


REVENUE 

Whatever  the  volume  of  seed  crushed,  change 
in  type  of  mill  affects  total  revenue  per  ton  of 
seed  through  (1)  always  altering  (a)  oil  and  (b) 
hull  yields,  and  (2)  possibly  altering  the  type  of 
meal  produced. 

The  most  important  of  these,  by  all  odds,  is  the 
effect  on  oil  revenue,  the  extent  of  which  depends 
on  the  differences  (1)  in  oil  yields  of  various  types 
of  mills  and  (2)  in  the  price  of  oil. 

Using  1949-50  average  oil  prices  (adjusted  for 
seasonal  change  and  grade  of  oil  produced  in  indi- 
vidual areas),  the  extent  of  the  effect  of  change  in 
type  of  mill  in  the  six  widely  separated  mill  areas 
on  oil  revenue  per  ton  of  seed  is  shown  in  table  86. 

These  calculated  differences  in  oh  revenue  in 
each  area  were  owing  solely  to  the  relative  oil 
extraction  efficiencies  of  various  types  of  mills, 
because  each  mill  was  considered  as  operating  a  full 
12-month  season  and  processing  seed  of  the  same 
quality.  The  price  of  oil  varied  somewhat  by 
areas  because  of  corresponding  variations  in  the 
free  fatty  acid  content  of  seed  and  hence  in  the 
grade  of  oil  produced.  The  lower  the  free  fatty 
acid,  the  higher  the  grade  and  price  of  oil.  There- 
fore, the  incentive  for  change  in  type  of  mill  is 
greater  in  areas  of  low  free  fatty  acid  seed.  For 
example,  the  calculated  oil  price  in  mill  area  I 
was  only  11.089  cents  per.pound  as  compared  with 
11.981  cents  in  area  VI,  because  of  differences  in 
the  acid  content  of  seed.  As  a  consequence,  the 
calculated  effect  of  shifting  from  a  hydraulic  to  a 
prepress-solvent  mill  was  only  $4.68  per  ton  in 
area  I  as  compared  with  $5.06  in  area  VI.  And 
the  higher  the  price  of  oil  the  greater  would  be 
this  difference. 

According  to  the  formula  used  for  measuring 
hull  yields  (p.  15),  shifting  from  lower  to  higher 
oil-yielding  processes  results  in  a  reduction  of  hull 
revenue  equivalent  to  the  differential  oil  yield 
multiplied  by  the  price  of  hulls  per  ton  of  seed. 
However,  this  reduction  is  very  slight,  owing  to  the 
relatively  small  differences  in  hull  yields  and  their 
low  value.  For  example,  shifting  from  the  hy- 
draulic to  the  prepress-solvent  process  resulted  in 
42.2  less  pounds  of  hulls,  assuming  both  processes 
to    be    operating    at    their    normal    rates.     Cal- 


Table  S6. — Calculated  differences  in  total  oil  revenue  per  ton  of  cottonseed  in   mill  areas  I  through   VI, 

btj  type  of  mill,  1949-50 


Difference 

in  oil  yield 

per  ton 

of  seed 

Difference  in  oil  revenue  per  ton  of  seed  in — 

Type  of  mill 

Area  I 
(11.0890 
per  lb.) 

Area  II 

(11.8350 
per  lb.) 

Area  III 
(11.3910 
per  lb.) 

Area  IV 
(11.893^ 
per  lb.) 

Area  V 

(11.8930 
per  lb.) 

Area  VI 

(11.9810 
per  lb.) 

Hydraulic 

Pounds 

0.0 

8.  2 

35.2 

42.  2 

Dollars 
0 
.  91 

3.  90 

4.  68 

Dollars 
0 

.  97 
4.  17 
4.  99 

Dollars 
0 

.  93 
4.  01 
4.  81 

Dollars 
0 
.98 

4.  19 

5.  02 

Dollars 
0 
.  98 

4.  19 

5.  02 

Dollars 
0 
.  98 

Direct  solvent 

4.  22 

Prepress  solvent 

5.  06 
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culated  local  hull  prices  varied  from  $3.05  to 
$15.10  per  ton  among  the  6  widely  separated  mill 
areas,  and  wholesale  prices  varied  from  $3.05  to 
$12.95.  As  a  consequence,  the  calculated  reduc- 
tion of  hull  revenue  from  local  sales  resulting  from 
a  shift  from  the  hydraulic  to  the  prepress  sol- 
vent process,  varied  from  6  cents  per  ton  in  mill 

/42  2    lb  \ 

area  II  f  Q         „    X$3.05  J  to  32  cents  in  mill  area 

VI.  The  same  principle  applied  to  meal  sold 
wholesale. 

Finally,  change  in  type  of  mill  may  also  affect- 
average  meal  revenue  in  two  ways,  depending  on 
the  prevailing  forms  of  meal  produced  in  a  given 
locality.  In  areas  I,  II,  and  IV  change  in  type  of 
mill  had  no  effect  on  meal  revenue,  as  all  types  of 
mills  produced  the  same  forms  of  meal.  In 
localities  where  pellets  were  produced  by  either 
hydraulic  or  screw-press  mills,  it  was  assumed 
that  a  shift  to  either  of  the  solvent  processes  would 
involve  a  shift  to  the  next  highest  valued  type  of 
meal  for  which  there  was  an  established  market  in 
the  area.  As  this  was  always  sacked  meal,  the 
reduction  in  total  revenue  per  ton  of  seed,  arising 
from  such  a  shift,  was  considered  as  equal  to  the 
percent  pellets  were  of  total  meal,  multiplied  by 
total  meal  yield  per  ton  of  seed  and  the  price 
differential  between  pellets  and  sacked  meal. 
For  example,  suppose  that  pellets  were  25  percent 
of  total  meal,  that  the  price  differential  between 


pellets  and  sacked  meal  was  $2.50  per  ton,  and 
that  meal  yield  was  0.45  ton  per  ton  of  seed. 
Then  a  shift  from  the  hydraulic  or  screw-press 
processes  to  either  of  the  solvent  processes  would 
reduce  average  meal  revenue  per  ton  of  seed  bv  28 
cents  (0.45  tonX25  percentX$2.50). 

Relatively  few  areas  now  produce  slab  cake. 
In  this  study  mill  area  III  had  a  large  slab  cake 
market.  As  this  type  of  meal  can  be  produced 
only  by  hydraulic,  mills,  it  was  assumed  that  a 
shift  to  any  other  type  of  mill  would  involve  a 
shift  to  the  highest  valued  type  of  meal  for  which 
there  was  an  established  market  in  the  given  mill 
area.  As  this  was  sacked  meal,  the  amount  of 
increase  in  total  revenue  per  ton  of  seed  processed 
was  calculated  by  the  above  formula  after  making 
a  slight  change  in  terms.  At  none  of  the  9 
crushes  was  this  increase  more  than  $1.93  per 
ton  of  seed.  However,  this  increase  in  total 
revenue  did  not  result  in  a  like  increase  in  nel 
revenue  owing  to  the  high  costs  of  meal  bags  in 
producing  sacked  meal. 

Linters  revenue  was  the  same  lor  all  types 
of  mills. 

In  line  with  these  methods  of  calculation,  the 
relative  heights  of  the  lines  in  figure  77  show  the 
change  in. total  revenue  arising  from  corresponding 
change  in  type  of  mills  at  specified  crushes  in  each 
of  the  widely  separated  mill  areas. 


TOTAL  REVENUE 
(DOLLARS  PER  TON) 


V 


LEGEND 
-HYDRAULIC 
-SCREW  PRESS 
DIRECT  SOLVENT 
■PREPRESS  SOLVENT 


83.00 

AREA  T£ 

62.00 

80.00 

.<•-. 

'■.       •— 

~    -    -_    . 

76.00 

76.00 

- 

7400 

72O0 

•> 

i 

20  40  60  60  100  20  40  60  80  100 

SIZE  0E  ANNUAL  CRUSH  (1000  TONS) 

Figure  77. — Calculated  effect  of  change  in  type  of  cottonseed  oil  mill  on  total  revenue  per  ton  of  seed  at  specified  crushes 
in  mill  areas  I  through  VI  (I — southeastern  North  Carolina;  II — Delta,  northeastern  Arkansas;  III — Delta,  southern 
Louisiana;  IV — eastern  Oklahoma;  V — north  Texas  Blacklands;  VI — central  California),   1949-50. 
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COSTS 

Not  all  costs  (such  as  seed  procurement)  are 
affected  by  change  in  type  of  mill.  Those  costs 
which  are  affected  fall  into  two  groups.  The  first 
group  included  press  cloth  and  mending,  hexane, 
fuel  oil,  and  miscellaneous  mill  expense.  These 
were  called  "constant"  costs,  because  their  total 
per  ton  of  seed  for  any  given  type  of  mill  is  the 
same  for  any  size  of  crush,  although  their  total 
varies  by  type  of  mill,  as  shown  in  tables  98 
through  103.  The  second  group  of  costs,  by  far 
the  most  important,  was  called  "variable  costs,"  as 
they  varied  (1)  by  type  of  mill  for  any  given 
crush  and  (2)  by  size  of  mill  and  crush  and  type  of 
mill.  The  individual  items  in  this  category  were 
plant  costs  (depreciation,  interest  on  initial 
capital,  taxes,  and  insurance),  labor,  electric 
power,  water,  meal  bags,  laboratory  services, 
brokerage  fees,  insurance  on  stocks,  social  security, 
workmen's  compensation,  and  general  liability. 
By  far  the  most  important  of  these  items  were 
plant  costs,  labor,  and  electric  power. 

Tables  87  through  92  show  the  extent  to  which 
each  of  these  costs  was  affected  by  change  in  type 
of  optimum  mill  for  each  specified  crush.  Figure 
78  shows  the  effect  of  such  change  on  total 
processing  cost  per  ton  of  seed. 


This  relationship  between  type  of  mill  and  cost 
per  ton  of  seed  has  a  number  of  important  charac- 
teristics: 

First,  because  of  its  relatively  low  labor  cost, 
the  screw-press  process  had  the  lowest  total  cost 
at  any  given  crush  except  in  area  III:  Here  the 
hydraulic  process  had  the  lowest  total  cost  (1) 
because  it  produced  mostly  slab  cake,  thereby 
incurring  no  costs  for  meal  sacks,  and  (2)  because 
the  difference  in  power  cost  for  hydraulic  and 
screw-press  mills  was  much  greater  here  than 
elsewhere,  owing  to  the  unusually  high  power 
rates  and  the  lower  power  requirements  of  the 
hydraulic  process. 

Second,  because  of  its  low  capital  requirements, 
the  hydraulic  process  usually  had  the  second 
lowest  total  cost  per  ton  of  seed  for  most  crushes. 
However,  in  area  VI  it  had  the  highest  cost, 
beginning  with  a  crush  of  26,000  tons,  because  of 
a  combination  of  its  high  man-hour  requirements 
per  ton  of  seed  and  the  unusually  high  wage  rates 
in  area  VI. 

Third,  the  direct-solvent  process  had  the  second 
highest  total  cost  because  capital  and  labor 
requirements  were  somewhat  lower  than  those  of 
the  prepress-solvent  process,  which  had  the  highest 
total  cost. 


AVERAGE    PROCESSING    COST 
(DOLLARS    PER  TON) 
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Figure  78. — Calculated  effect,  of  change  in  type  of  cottonseed  oil  mill  on  processing  costs  per  ton  of  seed  at  specified 
crushes  in  mill  areas  I  through  VI  (I — southeastern  North  Carolina;  II — Delta,  northeastern  Arkansas;  III — Delta, 
southern  Louisiana;  IV — eastern  Oklahoma;  V — north  Texas  Blacklands;  VI — central  California),  1949-50. 
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MOST  ECONOMICAL  TYPE  OF  MILL  FOR  SPECIFIED  CRUSHES  IN  ANY  MILL  AREA 


The  six  widely  separated  mill  areas  included  the 
extremes  in  the  industry  of  all  important  cost 
items,  seed  qualities,  and  meal  and  hull  market 
patterns.  Because  of  this  fact,  the  most  eco- 
nomical mills  for  specified  crushes,  throughout  the 
industry,  can  be  determined.  For  the  costs  and 
revenue  characteristics  of  the  six  widely  separated 
mill  areas  mav  be  combined  into  an  extreme  case 


in  such  a  way  as  to  place  the  severest  limits 
possible  on  the  profits  from  a  change  in  type  of 
mill  for  any  specified  crush.  Construction  of  such 
an  extreme  case  would  show  the  minimum  profit 
difference  which  would  be  expected  almost  any- 
where between  the  various  types  of  mills,  although 
it  would  not  show  the  absolute  profit  for  any 
particular  mill.     (Table  93.) 


Table  93. — Calculated  maximum  differences  in  the  costs  and  minimum  differences  in  total  and  net  revenue 
per  ton  of  seed  processed  for  different  volumes  of  seed  crushed  annually  resulting  from  change  in  types  of 
cottonseed  oil  mills,  in  any  mill  area,  1949-50 


ANNUAL  CRUSH 

10,600  TONS 

24-hour 
crushing 
capacity 
at  normal 
operating 
rate 

Length  of 

operating 

season  1 

Change 

from — 

Mill 

Hydraulic  to  higher  oil 
yielding  type  mill 

Screw  press  to  higher  oil 
yielding  type  mill 

Cost2 

Revenue 

Cost4 

Revenue 

Total  3 

Net. 

Total 3 

Net 

Tons 
60 
75 
50 
80 

Months 
8.0 
6.4 
9.  6 
8.0 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Screw  press:  3  press 

-0.02 

6  1.  51 

1.81 

0.  96 
3.  05 
3.  86 

0.  98 

1.  54 
2.05 

Direct  solvent:  Plant'  1-  - 

Prepress  solvent:  Plant  2          _          _    _ 

2.  25 
2.20 

2.09 
2.  91 

-0.  16 
.  71 

ANNUAL  CRUSH: 

13,200  TONS 

Hydraulic:  8  press.. 

80 
75 
50 
80 

7.5 

8.0 

12.  0 

7.5 

Screw  press:  3  press  ... 

5  0.  06 

6  1.  21 
1.  40 

0.  96 
3.  05 
3.  86 

0.90 
1.  84 
2.46 

Direct  solvent:  Plant  1_  . 

1.  81 
1.  90 

2.  09 
2.  91 

0.28 

Prepress  solvent:  Plant  2-_ 

1.01 

ANNUAL  CRUSH:  21,100  TONS 


Hydraulic:  8  press 

Screw  press:  4  press 

Direct  solvent:  Plant  2.. 
Prepress  solvent:  Plant  2 


80 
100 
100 

80 


12.  0 
9.  6 
9.  6 

12.  0 


0.  26 

1.  09 
1.  03 


0.  96 
3.  05 
3.  86 


0.  70 

1.  96 

2.  83 


1.31 
1.  27 


2.  09 
2.  91 


0.  78 

1.  64 


ANNUAL  CRUSH:  26,400  TONS 


Hydraulic:   10  press 

Screw  press:  4  press 

Direct  solvent:  Plant  2_. 
Prepress  solvent:  Plant  3 


100 
100 
100 
160 


12.  0 

12.  0 

12.  0 

7.  5 


53 
15 


0.  96 
3.  05 
3.86 


0.  96 
2.  52 
2.  71 


0.  98 

1.  45 


2.09 
2.  91 


11 

46 


ANNUAL  CRUSH:  42,200  TONS 


Hydraulic:  16  press 

Screw  press:  7  press 

Direct  solvent:  Plant  3.. 
Prepress  solvent:  Plant  3 


160 
175 
200 
160 


12.  0 

11.  0 
9.6 

12.  0 


0.  17 
.  53 

.  51 


0.  96 
3.  05 
3.  86 


0.  79 
2.  52 
3.35 


^0.  92 
5.  65 


2.  09 
2.  91 


1.  17 

2.  26 


See  footnotes  at  end  of  table. 
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Table  93. — Calculated  maximum  differences  in  the  costs  and  minimum  differences  in  total  and  net  revenue 
■per  ton  of  seed  processed  for  different  volumes  of  seed  crushed  annually  resulting  from  change  in  types  of 
cottonseed  oil  mills,  in  any  mill  area,  1949-50— Continued 

ANNUAL  CRUSH:  52,800  TONS 


24-hour 
crushing 
capacity 
at  normal 
operating 
rate 

Length  of 

operating 

season  ' 

Change  from — 

Mill 

Hydraulic  to  higher  oil 
yielding  type  mill 

Screw  press  to  higher  oil 
yielding  type  mill 

Cost 2 

Revenue 

Cost4 

Revenue 

Total 3 

Net 

Total 3 

Net 

Hydraulic:  20  press 

Tons 
200 
200 
200 
240 

Months 
12/0 
12.0 
12.  0 
10.  0 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

Screw  press:  8  press  .  _.              _   _ 
Direct  solvent:  Plant  3 
Prepress  solvent :  Plant  4 

-0.  08 
0 
.  62 

0.  96 
3.  05 
3.  86 

1.04 
3.05 
3.24 

50.  50 
5  1.  21 

2.  09 
2.  91 

1.  59 
1.  70 

ANNUAL  CRUSH:  63,400  TONS 


Hydraulic:  24  press 

Screw  press:   10  press 

Direct  solvent:  Plant  4__ 
Prepress  solvent:  Plant  4_ 


240 
250 
300 
240 


12.  0 

11.  5 
9.  6 

12.  0 


0.  27 
.  56 
.43 


0.  96 
3.  05 
3.  86 


0.  69 
2.  49 
3.43 


0.  69 
s.  38 


2.  09 
2.  91 


1.  40 

2.  53 


ANNUAL  CRUSH:  79,200  TONS 


Hydraulic:  30  press 

Screw  press:   12  press 

Direct  solvent:  Plant  4 

Prepress  solvent:  Plant  5. 


300 
300 
300 

HID 


12.  0 

12.  0 

12.  0 

9.0 


-0.  09 
5  -.  20 

.  45 


0.  96 
3.  05 
3.  86 


1.  05 
3.  2.5 

3.41 


50.  29 
.95 


2.  09 
2.  91 


1.  80 
1.  96 


ANNUAL  CRUSH:  105,600  TONS 


Hydraulic:  40  press 

Screw  press:  16  press 

Direct  solvent:  Plant  5 

Prepress  solvent:  Plant  5. 


400 
400 
400 
400 


12.  0 

12.0 
12.  0 

12.  0 

0.  11 

5  -.  13 
.  19 

0.  96 
3.  05 
3.  86 

0.  85 
3.  18 
3.  67 


5  0.  20 
6.26 


09 
91 


1.  89 

2.  65 


1  Averaging  22  24-hour  working  days  per  month. 

2  Calculated  by  totaling  the  differences  in  the  following 
costs:  Plant  and  water  from  Mill  Area  V  (table  102)"; 
labor,  social  security,  and  workmen's  compensation  from 
Mill  Area  I  (table  98);  and  power  from  Mill  Area  III 
(table  100),  except  in  changing  to  direct  solvent  mills, 
power  costs  from  Mill  Area  VI  (table  103)  were  used. 

3  Revenue  increase  =  oil  gain  per  ton  of  seed  processed  X 
1949-50  price  of  100  grade  oil,  which  is  11.67  cents  per 
pound  — decrease  in  meal  revenue  due  to  pellet  sales.  Oil 
gains  in  changing  from  hydraulic  to  higher  oil  yielding 
processes  are  8.2,  35.2,  and  42.2  pounds  for  screw  press, 
direct   solvent,    and   prepress   solvent  mills,   respectively; 

From  the  standpoint  of  total  revenue  per  ton  of 
seed,  it  was  constructed  through  the  following 
steps : 

First,  it  was  assumed  that  a  shift  from  a  lower 
to  a  higher  oil-yielding  process  results  in  an 
increase  in  oil  revenue  equal  to  the  difference  in 
the  pounds  of  oil  per  ton  of  seed  times  the  1949-50 
average  price  of  100  grade  oil.15 

Second,  it  was  assumed  that  a  shift  from  the 
hydraulic  or  screw-press  process  to  either  of  the 
solvent  processes  involves  a  reduction  in  meal 
revenue  equivalent  to  the  highest  meal  yield  in 

15  See  p.  133  for  explanation  of  the  way  in  which  the 
term  "grade  of  oil"  is  here  used.  In  line  with  this  explanation 
the  U.  S.  1944-49  average  FFA  content  of  seed  was  used 
in  calculating  this  grade  of  oil.  See  p.  13  for  the  differ- 
ential oil  yields  of  different  type  mills. 


from  screw  press  to  direct  solvent  and  prepress  solvent 
mills,  27  and  34  pounds,  respectively.  Decrease  in  meal 
revenue  due  to  pellet  sales  =  meal  yield  per  ton  of  seedX 
sacked-pellet   price   differential   or   0.47X2.25  =  1.06. 

4  Calculated  by  totaling  the  differences  in  the  following 
costs:  Plant  and"  water  from  Mill  Area  V  (table  102) ;  and 
labor,  social  security,  workmen's  compensation,  and  power 
from  Mill  Area  VI  '(table  103). 

5  When  combinations  of  major  cost  differences  did  not 
equal  maximum  difference  as  calculated  in  any  1  of  the  6 
mill  areas  analyzed,  adjustments  were  made  by  including 
other  costs. 


any  of  the  six  mill  areas 16  multiplied  by  the 
largest  price  differential  between  pellets  and  sacked 
meal,  which  gave  approximately  $1.06  per  ton  of 
seed.  This  is  an  extremely  conservative  pro- 
cedure as  either  of  these  types  of  meal  may  be 
equally  profitable,  and  seldom,  if  ever,  would  any 
hydraulic  or  screw-press  mill  produce  only  pellet 
meal. 

Third,  the  slight  decrease  in  hull  revenue  which 
results  from  shifting  from  lower  to  higher  oil- 
yielding  processes  was  ignored.  The  decrease  is 
very  minor,  being  equivalent  to  only  the  number 
of  increased  pounds  of  oil  per  ton  of  seed  multi- 
plied by  the  price  per  ton  of  hulls.     Never  was 

18  This  will  be  approximately  as  great  as  anywhere  in 
the  industry. 
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this  amount  more  than  32  cents  per  ton  in'any  of 
the  6  areas. 

Finally,  it  was  assumed  that  a  shift  from 
hydraulic  mills,  producing  slab  meal,  to  any  other 
type  mill  would  not  result  in  any  loss  in  total  meal 
revenue.  This  assumption  is  favorable  to  the 
hydraulic  process,  which  is  very  satisfactory  for 
the  problem  at  hand,  because  most  mills  are 
hydraulic  and  it  is  desired  to  construct  a  situation 
in  which  the  advantage  of  changing  the  type  of 
mill  is  the  least  possible. 

By  this  procedure,  the  effect  of  change  in  types 
of  mills  on  revenue  is  equivalent  to  the  differences 
in  their  oil  yields  multiplied  by  the  oil  price 
(minus  the  price  differential  between  pellets  and 
sacked  meal  where  the  shift  is  from  the  hydraulic 
or  screw-press  processes  to  either  of  the  solvent 
processes).  For  example,  the  prepress-solvent 
process  yields  42.2  more  pounds  of  oil  per  ton  of 
seed  than  the  hydraulic  process.  Using  the 
1949-50  price  of  100  grade  oil,  11.5  cents  per 
pound,  a  shift  from  any  given  hydraulic  mill  to 
any  prepress-solvent  mill  would  result  in  $4.85 
more  od  revenue  per  ton  of  seed.  Subtracting 
the  loss  in  meal  revenue  of  $1.06  gives  a  net  gain 
of  $3.79,  which,  as  previously  stated,  is  less  than 
would  be  expected  in  any  actual  mill  area. 

From  the  standpoint  of  total  cost  per  ton  of 
seed,  the  extreme  case  was  constructed  as  follows 
(table  93) : 

First,  only  those  costs  had  to  be  considered 
which  are  affected  by  change  in  type  of  mills, 
handling  the  same  size  of  crush.  (These  par- 
ticular costs  were  described  on  p.  146.) 

Second,  five  possible  shifts  from  lower  to  higher 
oil-yielding  types  of  mills  were  considered:  (1) 
From  the  hydraulic  to  the  screw  press;  (2)  from 
the  hydraulic  to  the  direct  solvent;  (3)  from  the 
hydraulic  to  the  prepress  solvent;  (4)  from  the 
screw  press  to  the  direct  solvent;  and  (5)  from  the 
screw  press  to  the  prepress  solvent. 

Third,  costs  from  the  six  widely  separated  mill 
areas  were  then  combined  into  the  extreme  case 
in  such  a  way  as  to  provide  the  least  possible  in- 
centive for  making  any  of  the  above  shifts. 

For  example,  shifts  (1)  and  (3)  involved  going 
from  lower  to  higher  power-using  processes.  The 
higher  the  power  cost  the  less  the  incentive  for 
such  a  change.  Power  cost  was  highest  in  mill 
area  III,  and  therefore  this  area  was  used  in  the 
extreme  case  for  shifts  (1)  and  (3). 

In  contrast,  shifts  (2),  (4),  and  (5)  involved 
going  from  a  higher  to  a  lower  power-using  process. 
Power  cost  was  lowest  in  mill  area  VI,  and  there- 
fore this  area  was  used  in  the  extreme  case  for 
these  shifts. 

Shifts  (1),  (2),  and  (3)  involved  going  from 
higher  to  lower  labor-using  types  of  mills.  The 
lower  the  labor  cost,  the  less  the  incentive  for  the 
change;  hence,  labor,  workmen's  compensation, 
and  social  security  costs  of  area  I  were  used  in 
the  extreme  case  for  these  shifts.  In  contrast, 
shifts  (4)  and  (5)  involved  a  shift  from  a  lower  to 


a  higher  labor  cost  process;  hence,  Area  VI  labor, 
workmen's  compensation,  and  social  security 
costs  were  used  in  the  extreme  case  for  shifts  (4) 
and  (5).  Labor  costs  were  usually  higher  for  the 
direct-solvent  than  for  the  screw-press  process 
because  of  higher  wage  rates  per  man-hour  rather 
than  higher  man-hour  requirements  per  ton  of 
seed  (table  64). 

Differences  in  plant  costs  among  areas  were  not 
enough  to  have  any  appreciable  bearing  on  the 
relative  profitability  of  different  types. of  mills. 
However,  plant  costs  in  Area  V  were  used  in  con- 
structing the  extreme  case  because  property  tax 
rates  were  somewhat  higher  there  than  elsewhere. 

As  shown  in  table  93,  profit  differentials  between 
different  types  of  mills  were  then  found  by  sub- 
tracting cost  per  ton  differentials  from  correspond- 
ing differential  gains  in  total  revenue  per  ton  of 
seed,  which  arose  in  shifting  from  lower  to  higher 
oil-yielding  types  of  mills  for  each  of  the  nine 
different  crushes  used  in  this  report.  Only  the 
most  profitable  mill  of  each  type  was  shown  in  this 
table  for  each  of  the  nine  crushes,  because  it  was 
found  that  these  particular  mills  usually  turned 
out  to  be  the  most  economical,  as  the  costs  and 
revenue  items  of  the  six  widely  separated  mill 
areas  were  recombined  in  the  extreme  case. 
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Figure  79. — Calculated  minimum  profit  differences  re- 
sulting from  a  shift  from  lower  to  higher  oil-yielding 
types  of  cottonseed  oil  mills,  for  specified  volumes  of 
seed  crushed  annually,  1949-50. 


EFFECT  OF  CHANGE  IN  SIZE  OF  SPECIFIED 
CRUSHES  ON  COSTS  AND  REVENUE 

As  previously  stated,  the  relative  economies  of 
different  types  of  optimum  mills  for  the  same  size 
crush  are  independent  of  seed  costs,  since  all  mills 
would  have  the  same  seed  costs  if  the  crush  were 
the  same.  The  same  principle  applies  to  meal 
and  hull  returns  except  where  change  in  type  of 
mill  might  also  require  changing  the  types  of 
some  of  the  meal  produced. 

But  the  various  types  of  mills  were  considered 
for  a  number  of  different  crushes.  The  question 
therefore  arises  as  to  the  significance  of  change  in 
the  size  of  the  specified  crushes  on  revenue  and 
costs. 
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REVENUE 

Although  change  in  type  of  mill  always  modifies 
revenue  through  altering  oil  and  hull  yields,  change 
in  size  of  crush  may  or  may  not  modify  average 
returns  from  meal  and  hulls.  It  will  not  do  so  if 
these  products  are  (1)  all  sold  locally  or  all  whole- 
sale, or  (2)  if  there  is  no  local-wholesale  price 
differential.  But  it  will  do  so  if  these  products 
are  sold  both  locally  and  wholesale  and  if  there  is 
a  local-wholesale  price  differential  because,  in  most 
cases,  the  local  market  is  limited  whereas  the 
wholesale  market  is  not.  Hence,  the  larger  the 
crush  the  smaller  the  proportion  of  total  meal 
(whether  one  or  more  types)  or  hulls  sold  locally, 
and  therefore  the  lower  the  average  value  of  all 
meal  or  hulls  produced. 

As  previously  stated,  mill  areas  vary  widely  in 
respect  to  their  meal  market  patterns.  The 
patterns  included  in  the  six  widely  separated  mill 
areas  coincided  approximately  with  the  extremes 
of  the  industry.  The  nine  volumes  of  seed  (annual 
crushes)  used  in  this  report  resulted  in  correspond- 
ing total  meal  outputs  ranging  approximately 
from  4,380  to  43,800  tons  in  area  I.  These  limits 
varied  somewhat  from  area  to  area  owing  to 
differences  in  ammonia  content  of  seed,  but  the 
meal  output  of  the  largest  mill  or  crush  was  always 
ten  times  that  of  the  smallest,  whatever  the  area. 

Effect  of  Change  in  Size  of  Each  Type  of  Mill  on  Average 
Meal  Returns  in  Specified  Mill  Areas 

Three  assumptions  were  used  in  calculating  the 
effect  of  these  crushes  upon  average  meal  revenue 
per  ton  of  seed  in  each  mill  area.  First,  it  was 
assumed  that  any  quantity  of  a  particular  type 
of  meal,  within  the  limits  of  the  above-mentioned 
size  range  of  crushes,  could  be  sold  at  the  same 
wholesale  price.  Second,  it  was  assumed  that 
the  current  volume  of  local  sales  of  an}7  particular 
type  of  meal  in  a  given  mill  area  represented  the 
maximum  amount  which  could  be  sold  at  the  local 
price,  whatever  the  size  of  crush  or  mill.  This 
assumption  was  on  the  conservative  side,  as  any 
local  market  might  be  expanded  somewhat  if 
sufficient  effort  were  made  to  do  so.  Finally,  it 
was  assumed  that  the  portions  of  differert  types 
of  meal  sold  wholesale  would  not  be  altered  by 
change  in  the  size  of  crush  or  mill. 

In  line  with  these  assumptions,  figures  80 
through  83  show  how  changes  in  specified  crushes 
affected  average  returns  per  ton  of  meal  in  speci- 
fied mill  areas. 

Figure  80  illustrates  market  patterns  in  which 
change  in  type  of  mill  has  no  effect  on  average 
meal  returns  because  the  types  of  meal  produced 
remain  the  same  for  all  types  of  mills.  In  areas 
I  and  IV  all  mills  produced  only  sacked  meal  and 
sold  it  both  locally  and  wholesale.  Differences 
in  the  heights  of  the  lines  in  figure  80  reflect  cor- 
responding area  differences  in  the  yield  and  price 
of  meal.  Differences  in  the  slopes  of  the  lines 
reflect  the  influence  of  the  size  of  the  local  market 
and  local-wholesale  price  differentials. 
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Figure  80. — Calculated  effect  of  change  in  size  of  all  types 
of  cottonseed  oil  mills  on  total  meal  revenue  per  ton  of 
seed  crushed,  in  mill  areas  I,  II,  and  IV  (I — south- 
eastern North  Carolina;  II — Delta,  northeastern  Ar- 
kansas; IV — eastern  Oklahoma),  1949-50. 

As  area  II  had  no  local  sales,  increasing  size  of 
crush  or  mill  had  no  effect  on  average  meal  returns. 

Area  III  represented  a  current  meal  market  of 
3,100  tons  of  local  sacked  meal  and  a  wholesale 
market  of  85  percent  slab  and  15  percent  sacked 
meal.  As  only  hydraulic  mills  produce  slab  meal, 
shifting  to  any  other  type  of  mill  was  assumed, 
as  previously  stated,  to  involve  a  shift  from  slab 
to  the  highest  value  meal  for  which  there  was  an 
established  market.  This  was  sacked  meal.  Ac- 
cordingly, the  calculated  effect  of  this  change  in 
type  of  mill  and  size  of  crush  on  average  meal 
returns  is  shown  in  figure  81. 

Mill  area  V  illustrates  a  still  more  complex 
market  pattern  in  which  pellets  and  sacked  meal 
were  produced  and  sold  both  locally  and  wholesale. 
The  total  local  market  was  approximately  13,300 
tons  of  sacked  meal  and  12,900  tons  of  pellet  meal, 
or  a  total  of  26,200  tons  of  meal.     This  represented 
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Figure  81. — Calculated  effect  of  change  in  size  of  hydrau- 
lic cottonseed  oil  mills  and  all  other  types  on  total  meal 
revenue  per  ton  of  seed  processed,  mill  area  III  (Delta, 
southern  Louisiana),  1949-50. 
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a  crush  of  55,300  tons  of  seed,  somewhat  greater 
than  the  sixth  largest  crush  (52,800  tons)  in  this 
report.  Even  the  local  pellet  market  was  some- 
what greater  than  the  total  meal  output  from  the 
fourth  largest  crush  of  26,400  tons. 

In  such  market  patterns,  hydraulic  and  screw- 
press  mills  were  considered  as  one  type,  since  they 
both  produced  sacked  and  pellet  meal.  Beginning 
with  the  smallest  crash,  it  was  assumed  that  these 
processes  would  produce  only  pellets  until  the  local 
pellet  market  of  12,900  tons  was  filled  up,  and 
then  would  add  only  local  sacked  meal  until  its 
total  local  market  of  26,200  tons  was  exhausted. 
For  each  larger  crush,  wholesale  sacked  meal  and 
pellets  would  be  added  in  the  prevailing  ratio  of 
62:38.  It  is  recognized  that  actual  operations 
might  vary  considerably  from  these  rules,  but, 
within  wide  limits,  such  variations  would  result 
in  about  the  same  effect  on  average  meal  returns. 

From  these  assumptions  and  by  varying  the  size 
of  crush  from  10,600  to  55,300  tons  for  both 
hydraulic  and  screw-press  mills,  a  decline  in 
average  local  meal  sales  was  caused  through 
changing  the  proportions  of  local  sacked  and 
pellet  sales.  These  declines  are  shown  in  figure 
82.  Continued  increase  in  size  of  crush  resulted 
in  further  revenue  declines  by  reducing  all  local 
sales  as  a  proportion  of  total  sales,  as  shown  in 
figure  82. 

Shifting  from  hydraulic  or  screw  press  to  either 
type  of  solvent  mill  and  varying  the  size  of  crush 
from  the  smallest  (10,600  tons)  to  the  largest 
(105,600  tons)  resulted  in  an  additional  decline  of 
89  cents  in  the  average  value  of  meal  per  ton  of 
seed.  This  was  owing  to  the  assumption  that  all 
solvent  mills  would  produce  only  sacked  meal  in 
mill  area  V.  (If  pellets  were  produced,  change  in 
type  of  mill  would  cause  no  change  in  meal  re- 
turns, as  all  types  of  mills  would  produce  the  same 
types  of  meal.) 

Of  all  meal  market  patterns,  that  of  area  VI 
was  the  most  complex.     The  local  market  con- 
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sisted  of  approximately  23,500  tons  of  sacked  meal, 
3,600  tons  of  pellets,  and  2,600  tons  of  bulk  meal. 
The  wholesale  market  was  represented  by  65 
percent  sacked  sales,  25  percent  pellets,  and  10 
percent  bulk  meal. 

In  calculating  the  effect  of  change  in  type  and 
size  of  crush  in  such  a  market  pattern,  it  was 
assumed:  (1)  That  hydraulic  and  screw-press 
mills  would  produce  (a)  only  pellets  until  the  local 
pellet  market  was  filled  up,  (6)  then  add  bulk  until 
local  bulk  market  was  filled,  then  add  sacked  meal 17 
until  the  local  sacked  market  was  gone;  (2)  where- 
upon they  would  sell  wholesale  all  additional  meal 
in  the  ratio  of  65  percent  sacked  meal,  25  percent 
pellets,  and  10  percent  bulk.  As  solvent  mills 
were  not  considered  as  producing  pellets,  it  was 
further  assumed  (3)  that  such  mills  would  first  fill 
up  the  local  bulk  market  and  then  the  local  sacked 
market,  (4)  and  then  sell  wholesale  all  additional 
meal  in  the  ratio  of  10  percent  bulk  and  90  percent 
sacked. 

In  line  with  these  calculations,  the  effects  of 
varying  the  size  of  crush  and  type  of  mill  on  meal 
revenue  in  this  market  were  computed  and  are 
shown  in  figure  83. 
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Figure  S2. — Calculated  effect  on  change  in  size  of  each 
type  of  cottonseed  oil  mill  and  total  meal  revenue  per 
ton  of  seed  processed,  mill  area  V  (north  Tex.  Black- 
lands),  1949-50. 
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Figure  83. — Calculated  effect  of  change  in  size  of  each 
type  of  cottonseed  oil  mill  on  total  meal  revenue  per 
ton  of  seed  processed,  mill  area  VI  (central  California), 
1949-50. 

Effect  of  Change  in  Size  of  Crush  on  Average  Hull  Returns 
in  Specified  Mill  Areas 

As  in  the  case  of  meal,  it  was  assumed  that  any 
amount  of  hulls,  within  the  limit  of  the  above- 
mentioned  range  of  crushes,  could  be  sold  in  any 
given  wholesale  market  at  the  same  price.  On 
the  other  hand,  it  was  assumed  that  the  amount 
of  "normal"  local  sales  represented  the  maximum 
amount  which  could  be  sold  in  any  given  local 
market  at  the  same  price.  Variation  in  size  of 
crush  would  not  affect  the  average  hull  returns  (1) 
\\  here  hulls  were  all  sold  locally  or  wholesale  or  (2) 

17  Bulk  meal  was  assumed  to  be  produced  and  sold  before 
sacked  meal  as  the  bulk-sacked  price-  differential  of  $3.90 
was  insufficient  to  cover  the  cost  of  meal  bags  ($4.50; 
needed  for  sacked  meal.  The  sacked-pellet  price  differ- 
ential was  $2.25. 
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where  they  were  sold  both  ways  if  there  were  no 
local-wholesale  price  differential. 

In  line  with  these  assumptions,  figure  84  shows 
the  effect  of  change  in  size  of  crush  of  hydraulic 
mills  in  specified  mill  areas  on  average  hull  revenue. 

Differences  iu  the  heights  of  the  lines  in  figure  84 
reflect  corresponding  area  differences  in  the  yield 
and  price  of  hulls.  Differences  in  the  slopes  of  the 
lines  reflect  primarily  the  influence  of  an  increasing 
proportion  of  total  wholesale  hulls  on  the  average 
value  of  all  hulls  produced. 


Figure  84. — Calculated  effect  of  change  in  size  of  hy- 
draulic cottonseed  oil  mill  on  total  hull  revenue  per  ton 
of  seed  processed,  mill  areas  I  through  VI  (I — south- 
eastern North  Carolina;  II — Delta,  northeastern  Ar- 
kansas; III — Delta,  southern  Louisiana;  IV — eastern 
Oklahoma;  V — north  Texas  Blacklands;  VI — central 
California),  1949-50. 

COSTS 

The  calculated  effect  of  change  in  size  of  specified 
crushes  for  each  type  of  mill  on  costs  and  revenues 
are  shown  in  tables  94  through  97. 

For  reasons  previously  stated,  the  calculated 
effect  of  change  in  size  of  crush  on  total  (average) 
cost  holds  true  in  a  particular  locality  only  for 
whatever  volumes  of  seed  may  be  available  at  the 
same  seed  costs  f.  o.  b.  gins.  In  a  few  localities, 
the  largest  crush  (105,000  tons)  can  be  obtained 
by  a  given  operator  at  the  same  cost  at  gins  as 
smaller  crushes.  But  the  amount  of  seed  avail- 
able to  an  operator  at  the  prevailing  price  varies 
so  widely  from  area  to  area  that  in  some  places  an 
operator  could  not  obtain  at  that  price  even  the 
smallest  crush  appearing  in  this  study.  In  most 
areas,  therefore,  indefinite  increases  in  the  size  of 
crush,  at  some  point,  will  adversely  affect  net 
revenue  by  causing  an  increase  in  seed  cost. 

Moreover,  such  increases  in  the  size  of  crush 
will  result  in  greater  decreases  in  total  revenue 
than  those  shown  in  this  report  if  a  given  operator's 
wholesale  meal  and  hull  market  will  not  absorb 
widely  different  amounts  of  meal  and  hulls  at  the 
same  price.  In  short,  the  extent  to  which  the 
calculated  effect  of  change  in  size  of  crush  on  total 
cost,  and  the  revenue  per  ton  of  seed  processed,  is 


dependent  on  the  unique  conditions  of  individual 
mill  areas,  which  only  local  judgment  can  evaluate. 

However,  the  effect  of  change  in  size  of  crush  on 
processing  costs  has  wide  applicability  because  it 
is  not  subject  to  limitations  in  calculating  changes 
in  seed  costs  or  product  selling  prices  for  increasing 
volumes  of  seed. 

Analysis  showed  four  main  characteristics  of  the 
relationship  between  volume  and  processing  cost 
among  the  six  widely  separated  and '  economi- 
cally different  mill  areas. 

First,  in  terms  of  this  relationship,  processing 
cost  fell  into  three  groups:  Constant,  rising,  and 
declining.  However,  the  particular  items  in  each 
group  were  not  the  same  for  all  mill  areas.  For 
example,  meal  bags  were  not  included  in  constant 
cost  in  mill  areas  I  and  VI,  but  meal  bags  were  in- 
cluded in  other  areas,  as  shown  in  tables  94  through 
97. 

Second,  haul  cost  per  ton  of  seed  always  in- 
creased directly  with  the  size  of  crush,  and  was  the 
most  important  of  all  rising  costs.  The  most  im- 
portant declining  costs  were  labor,  electric'power, 
and  plant  (depreciation,  interest,  taxes,  and  insur- 
ance) . 

Third,  those  costs  that  declined  with  the  size  of 
crush  usually  more  than  offset  the  costs  that  in- 
creased so  that  the  larger  the  crush  the  smaller 
the  total  processing  cost  per  ton  of  seed  processed. 
This  proposition  evidently  holds  generally,  as  it 
was  true  for  area  IV,  where  seed  density  in  the 
surrounding  locality  was  less  than  anywhere 
else,  and  therefore  showed  greatest  increase  in  haul 
costs  (table  94).  This  means  that,  if  increasing 
the  size  of  mill  did  not  lead  at  some  point  to 
prohibitive  additional  cost  of  diverting  seed  from 
competitors  (or  meal  and  hull  discounts),  the 
most  economical  size  mill  (whatever  the  type) 
would  be  at  least  somewhat  larger  than  the  biggest 
mill  described  in  this  report.  As  a  practical  fact, 
however,  there  are  only  a  very  limited  number  of 
mill  areas  in  which  this  could  be  true.  According- 
ly, size  of  mill  in  any  area  is  not  limited  because 
increasing  size  of  mill  and  crush  is  associated  with 
increasing  processing  costs.  Instead,  the  limita- 
tion must  be  owing  to  the  unavailability  of  seed 
(raw  materials)  except  at  the  additional  and  pro- 
hibitive expense  of  diverting  it  from  competing 
mills  (even  after  making  due  allowance  for  the  pos- 
sibility that  increasing  the  size  of  crush  may,  at 
some  point,  begin  driving  down  the  prevailing 
wholesale  price  of  meal  and  hulls).  Size  of  mill 
and  crush  can  be  increased,  but  only  up  to  the 
point  where  the  increased  cost  of  obtaining  seed 
outweighs  those  costs  that  decline  with  the  in- 
creased scale  of  operation  (plus  any  possible  dis- 
counts on  the  wholesale  price  of  meal  and  hulls). 

The  counterpressure  of  these  "outside  the  mill" 
factors  for  smaller  mills  against  the  pressure  of  in- 
ternal mill  economies  for  larger  mills  must  be  sub- 
stantial. In  no  area  and  for  no  type  of  mill  was 
the  saving  "in  processing  costs,  resulting  from  in- 
creasing the  size  of  crush  from  10,600  tons  to  105,- 
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600  tons,  less  than  $5  per  ton.  By  sufficiently  in- 
creasing the  scale  of  operations,  tins  whole  amount 
(and  even  more)  might  be  used  for  underwriting 
higher  seed  prices  or  meal  and  hull  discounts  and 
still  enable  the  operator  to  realize  substantially 
greater  total  net  revenue  because  of  the  increased 
volume  of  business. 

Fourth,  the  smallest  crush  (10,600  tons),  as  a 
base,  brought  out  significant  variations  in  the 
rate  of  savings  in  processing  costs  by  size  of  crush, 
for  each  type  of  mill  in  different  areas,  as  shown  in* 
figure  85  and  tables  94  through  97. 

For  all  types  of  mills  in  any  area  the  rate  of 
savings  in  processing  cost  increased  at  an  increas- 
ing rate  by  size  of  crush  up  to  21,000  tons.  There- 
after, with  minor  exceptions,  rate  of  savings  in 
processing  cost  continued  to  increase  but  at  a 
decreasing  rate.  Approximately  50  percent  of  the 
total  possible  savings  were  realized  by  increasing 
the  size  of  crush  only  up  to  2 1 ,000  tons.  Generally 
speaking,  at  least  80  percent  of  the  total  possible 
savings  in  cost  were  realized  at  approximately  a 
53,000-ton  crush  (only  half  the  largest  tonnage 
used  in  this  study). 

The  relationship  between  the  rate  of  savings 
and  size  of  crush  for  any  type  of  mill  varied  appre- 
ciably among  the  mill  areas.  By  increasing  the 
size  of  crush  to  105,600  tons  the  lowest  rate  of 


savings  was  shown  in  area  IV  and  the  highest 
rate  was  sl^yn  in  area  VI,  whatever  the  type  of 
mill.  This  fact  was  owing  to  the  high  seed  density 
and  wage  rates  in  area  VI.  Since  seed  production 
was  more  plentiful  in  area  VI,  increasing  the  size 
of  crush  was  associated  with  a  much  smaller  in- 
crease in  seed  haul  cost  in  area  VI  than  in  area  IV. 
Also,  because  of  much  higher  wage  rates  in  area 
VI,  the  decrease  in  man-hour  requirement  per  ton 
of  seed,  as  size  of  crush  increased,  resulted  in  a 
greater  relative  decrease  in  labor  cost  per  ton  of 
seed  in  area  VI. 

Finally,  in  all  areas  except  area  III,  the  level  of 
savings  in  processing  cost  was  appreciably  higher 
for  solvent  mills  than  for  other  mills  with  all  in- 
creases in  size  of  crush,  the  primary  reason  being 
that  plant  cost  of  solvent  mills  (depreciation,  in- 
terest on  investment,  taxes,  and  insurance)  de- 
creases at  a  relatively  faster  rate  with  larger 
crushes.  (The  level  of  saving  in  processing  costs 
was  highest  for  the  hydraulic  process  in  area  III 
because  this  process  was  assumed  to  produce  a 
large  amount  of  slab  cake  and  therefore  had  a  lower 
cost  per  ton  of  seed  for  sacked  meal  than  the  other 
processes.) 

The  incentive  for  increasing  the  size  of  crush 
and  mill  is  thus  clearly  greatest  for  the  solvent 
processes. 
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Figure  85. — Savings  in  processing  costs  associated  with  increase  in  size  of  crush,  by  type  of  plant,  mill  areas  I  through  VI 
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Oklahoma;  V — north  Texas  Blacklands;  VI — central  California),  1949-50. 


165 


C  a- 

•"  C 

1! 

d 

l-H 

Propor- 
tion of 
total 
increase 

Is   ° 

a, 

© 

CD 

cn 

O    "5    CN    CO    OS    i— i    O 

r-   w   o   i-h   as    r-   o 
iq  o  as  as  cs  as  o 

o 

C 

l-H 

S  ° 

© 

CO 

N    00    rn    N    c£    M    N 

N    N    N    CO    CO    it:    » 
SO    t-    O   O   *-i    *-i    i-t 

g 

3 

CO 

P3 

O 

fc 

o  co 

o 

CO 

o 

as  oo  ■*  co  oo  r-f  co 

iC    'J'    N    M    h    D    W 
•^    CO    OS    O    rj*    CN    t*< 

IO 

CO    CO     t^-    CO    CO    00    CO 

tfl 

O 

O 

*5   OS 
f-    CN 

*S  ci 

CM 

- 

CO 

OS    iO    -^    i-h    CN    CO    CO 

ic   t—  cn   as   to    >o   r- 

h    io    M    ^    N    IO    H 

CN 

t-   r-   t--  t^   t^   r-  i^- 

o 
o 

ta 
.g 
°> 
ca 

CO 

*3*0~  CuO 

QcS.S 
2-23  § 

co 

CO 

cn 

t-    CO    ^f    OS    io    o    o 

CN    CO    CN    CO    CO    CM    O 

io   cO'   oo   co  as   os   o 

i  cs  a>  £  c  -g 
8-S.£° 

1 

a 

00    OS    CO    CO    CO    i-H    CN 

CO     N     H    CO     IO     1<     tO 
H    h    N    N    N    W    N 

o.S 

s  ° 

"©  co 
C|-« 

-* 

r- 

O) 

W     ffl     CI     N     C     S     M 

<o    f*   o    ©    as    -^    © 
V    ■*    c    CI    w    o    w 

d  d  co  ad  n  od  n 

o 
O 

~3 
o 

2S 

QO 

O    N    O    "is    •*    >0    O 
O     C^     iO     IO    "*     tC     iO 
N    N    CC    •*    CO    N    N 

io    tJ^    CO    CO    CN    CO    CN 
cO    ©    CO    cO     cO    ©    co 

to 

.g 

a 

'o 
o 

0 

*C3 

o 

Eh 

"o  "O 

to 
o 
o 

CO    N    CB    W    N    IO    IO 
iO    CS    N    CC    h    O    "* 

co  ■*  "^  r»  o  cm  co 

:: 

h    O    O)    CO    OO    W    N 

CD 

O 

— 

cn    uo   co   r-   oo  ©   i— 

i»  n  ^  n  i^  ^  n 
os   os   co   t-i   ©   r-   t~- 

■* 

CO    CO    CO    CO    CO    CN    CN 

-2  — 

O    r-t    CN    as    to    t^-    CO 
I-,    co    i-i    CO    ^    W    CN 
CO    CN    oo    r-    M-    ©    CN 
d    CO    CN    CN*    CN    CN    CN 

ca 

5 

b  co 
-5  ° 
o*  «b 

CO 

CO 

O    H    -#    ®    «    CO    00 
-h    O    O    CO     v-     io    CO 
CO     CN     CO     CO     O     CO    CO 

iO 

■^    CO    CO    CN    CN    CN    CM 

o 

f-   -H 
a  os 

o 

©    CO    OS    00    iO    CO    CO 

o   co   r^   cn   oo  ©   co 

CM     CO     iO     00     OS     .-H     lO 

CO 

CO    CO    CO    M    M    t    1* 

o 

*-    CO 

a  o 
a  o 
<H 

■^ 

©    CO    OS    00    io    CO    CO 

o   —    x   ■**   l>   "f   © 

!£)    N    CO    N    N    S   N 

11 

£2 

o 

©    o   o   ©    ©   ©    © 

O     t-     ?.     CO     i-     CI     N 

a  c  co  o  o  ^  n 

CN 

CN    CN    CM    CO    CO    CO    CO 

C 

a 
o 
O 

75 
o 

«o   CN 

1~       -H 

»  cc 

"o  o 

CN 

00 

o 

CN    CI    CI    CM    CN    CN    CN 

-rf     -*     -f     f     ■*     f      ** 

CO    CO    CO    CO    CO    00    CO 

©©©©©©© 

iO    IO    IO    lO    "O    *o    io 

O 

co    -J" 

b     OS 

S3     iO 

OS 

as   as   cs   ©   ©   ©   © 

lO     lO     io     lO     iO     iO     IO 

"o    >0 

IO 

io    <o    iO    iO   io   >o   io 

T3 

Cj 

*»    CO 

CO 
CN 

CO     CO     CO     O0     00     CO     CO 
C)     CI     O     O     CI     W     CI 

o   lo   io   in   io   io   io 

1     e 
■3      oj 

«c>  o 

IO 

©  ©  ©  ©  ©  o  © 

1 

r^ 

CO    CI    CO    ©    CJ    OS    CI 

a 

o 

3. 
i- 

CN 

;  5    2  o  <b  n 

JO         c 

o 

«o    CO 

o 

00 

©   ©   ©   ©   o   o   © 
CJ    o    -^f    -V    f    o    © 

H      H      CI      CI      CI       ■*      Tf 

■u   co 

1 

CO 

CI    O    T    f    ■*   o    o 

H      rn      IN      CI      CI      1>      f 

i 

go 

O 

© 

— 

■  o 

©  ©  ©  ©  ©  ©  o 

O     ©     ©     ©     ©     ©     CO 
—     "*     C)_    CO     -*     CN     u_- 

— **  co"  cf  cf  co"  oT  c3 

M     M     ^     iO     3    N     n 

©    CN 

© 

■^ 

iO 

00 

CN     © 

i-H     -* 

CM 

CO    © 

CM     IO 

CO 

j-.. 

CO 

© 

©    O 

CO    © 

CN 

t~- 

00 

^t< 

©    00 

CO     CO 

Tf* 

r- 

in 

r- 

CO     CO 

o 

CM 

:: 

— 

-=J*     iO 

-*  as 

,_, 

r- 

I-- 

.— i    r^ 

d 

r^   os 

t>- 

t- 

o 

lO 

©   © 

*tf 

«3     I>- 

00 

© 

~ 

- 

©   — i 

l-H     CO 

CO 

CO 

eo    co 

CI 

x    — 

<n 

©    © 

© 

OO    o 

o 

_ 

o 

© 

©    © 

.        o 

t^ 

r-  t- 

It- 

f- 

^ 

r- 

I~-    !>. 

as  ©> 

CN 

H 

•* 

f. 

©    © 

—t     CO 

- 

in 

r<i 

CO    © 

CI     IO 

© 

00 

CO 

© 

©    © 

CO    CN 

!- 

CN 

00 

© 

H     CI 

© 

•O    CO 

tP 

IO 

on 

CO     © 

CN 

CI 

CM    CO 

as 

r-   r^. 

CO 

*n 

© 

CO    © 

CI 

as 

(M 

r^   co 

CO 

00 

-* 

© 

©   m 

CN 

r- 

•r 

CO 

'- 

io   io 

CJ 

t-   i~- 

© 

CO 

IO 

© 

CO     © 

r--    t»< 

© 

,-H     o 

CN 

r> 

co  as 

iO     CO 

C4 

^ 

© 

©  © 

CO 

co    © 

© 

© 

CO 

© 

co  »o 

to 

_, 

CN 

IO    © 

■ 

' 

CO    "# 

© 

CO 

/ 

-•ji 

CO       l-H 

rf 

CO      l-H 

— 

cn 

cm 

r- 

t-  t". 

i-H      i-H 

CN 

r- 

fN 

OO     iO 

CO 

CO    ,-t 

r-- 

h- 

CO      Tt* 

Tfl 

as 

— 

t^     CC. 

■* 

^}*  -^i 

CO 

CO 

co 

CN 

CN     CI 

CO 

cn 

a> 

OS    CI 

TP 

"*■     CO 

Y—       IO 

CN 

t^» 

© 

M* 

Tl*    CN 

■* 

■*  °° 

CO 

CN 

CN 

CI 

CN    CI 

iO    tJ« 

Tt< 

,_, 

CO    CO 

-r 

•*1* 

^f 

'." 

- 

CO     CO 

00 

os    o 

t^ 

CO 

»o 

■*     CO 

CO 

CN 

CN 

CM 

CN    CI 

IO 

rH     O 

CN 

in 

r- 

00    o 

CI    o 

r- 

© 

© 

l-H       O 

.-(     CO 

CO 

t— 

i-H    CN 

CI 

CN    CI 

CN 

CN 

CN 

CO 

co.    ro 

fM 

CO    © 

m 

OS 

m 

OS    O 

r- 

r- 

Is- 

t- 

i~- 

t-    CO 

© 

o 

o 

- 

~ 

s 

©  © 

CI 

CI    o 

CO 

"*    iO 

iO 

- 

CN 

CO     -<3* 

1-1 

r-t     w 

*"' 

CI 

c» 

CN 

CI    CI 

© 

©     © 

- 

© 

— 

© 

©  © 

OS 

~     OS 

OS 

as 

CS     'CS 

iO 

iO    »o 

iO 

IO 

iO    io 

os   os 

-tf 

*#  -^ 

■^ 

■^ 

Tj* 

^**       "# 

© 

©  © 

- 

o 

— 

— 

©  © 

r- 

I-   I- 

r  - 

[~ 

r- 

iO 

W3    IO 

»o 

iO 

iO 

io 

iO    io 

- 

© 

©  o 

CN 

fN 

CM 

CM 

CI     CN 

■»tfl 

■>*    -# 

■* 

rt< 

Tt< 

-* 

-*     "s** 

Tt< 

— 

Tjl       Tj< 

rr 

■^    -* 

■^ 

Tf< 

^ 

"**     "sf 

© 

iO    O 

c 

© 

O 

O 

©  o 

CO 

I--     (M 

CI 

CI 

CI 

CM    CI 

o 

C5 

© 

o   © 

-f 

CM 

CM 

CO     "SJ* 

© 

CO    00 

~ 

.- 

© 

-ef 

o    © 

CN 

CO    ■=? 

i 

;    ;' 

: 

I 

: 

: 

'  ©' 

■ 

:  • 

O     CO 

^p 

CN 

on 

"St* 

«     IO 

fN 

fM 

^h    CN 

-* 

iO 

r"-   '— « 

r-   ©   i—   co   ©   ci    os 


CNr>Ncscicooa 


CO 

fN 

fN 

on 

CO 

CN 

CI 

r~ 

IO 

in 

t^ 

© 

CM 

iO 

iO 

t^- 

© 

»o 

© 

t- 

00 

o 

- 

© 

o 

,_, 

M* 

cn 

eo 

CI 

d 

-Cf 

•—" 

CN 

CM 

© 

C4 

© 

CN 

r- 

t"- 

t^ 

t-- 

t^ 

t- 

t- 

!>. 

r- 

©   os    io 
-*    io   os" 


CO    ©    CO    CO 


NCD-ficn^OlCM 


© 

rN 

co 

h- 

CN 

00   •<** 

CN 

— 

© 

iO     CO 

I— 

r-t 

>—l 

— 

-f 

CO    CI 

CO 

CN 

a 

CN 

r. 

00 

b- 

I  - 

r-   r- 

r- 

on 

Tf 

Tf 

CO 

cn 

m 

CN 

00    CO 

t^ 

•-< 

— 

M* 

!-H 

©    CN 

iO 

Tf* 

CM 

rrs 

© 

© 

CO 

© 

■- 

»o 

iO 

io  m 

ro 

CD 

^ 

IO 

rO 

— 

on 

Cl     o 

CM 

US 

i-H 

_ 

OJ 

oo 

co   -t* 

t> 

o 

ro 

CN 

© 

© 

© 

©    CO 

© 

m 

CI 

Tf 

h- 

on 

m 

OS 

iO    © 

© 

lO 

UJ 

© 

iO 

CO 

©  © 

© 

© 

iO 

iq 

■*» 

^t* 

Tt* 

CO    CO 

CO 

-H 

CO 

CN 

eo 

I-  -** 

l-TS 

CI 

CO 

CO 

co 

uo 

t- 

-«** 

O     — 

-*r 

Tt* 

CO 

CO 

CN 

CN 

o 

Cl    CI 

.„ 

- 

OS 

m 

-* 

ns 

as 

ns 

CN     t— 

t- 

GO 

© 

© 

CO 

t^    CI 

iO 

"3* 

Tf 

CO 

CO 

CN 

d 

CI    Cl 

© 

CN 

fN 

r-  t^ 

CN 

■- 

eo 

r- 

•** 

t^ 

CO 

© 

OO 

-o   © 

CI 

CN 

CO 

CO 

CO 

CO 

Tt* 

■li^o 

OS 

_^ 

CN 

d 

r-     t^ 

r^ 

.5 

r- 

CI 

m 

IO 

© 

r- 

t- 

tr~    t- 

© 

© 

o 

- 

S3 

© 

© 

t-   r- 

CI 

CO 

«o 

CO 

O 

->j* 

CO    CN 

CN 

CN 

CN 

CN 

CO 

CO 

CO 

CO    -J" 

OS 

© 

ns 

as 

OS 

as 

© 

©  © 

m 

iO 

■  - 

iO     IO 

r- 

I-- 

t^ 

t-- 

r- 

r-   r- 

>n 

in 

»ri 

IO 

IO 

iO    iO 

-sp 

rf 

•rt* 

-fl* 

-=t* 

■«* 

"Sj*       T* 

-    CO 

._ 

rn 

c^ 

CO 

CO 

CO 

CO     CO 

ro 

CO 

t- 

c- 

t- 

i> 

t- 

t— 

Is- 

r^   r- 

co 

co 

CO 

co 

CO 

CO 

co 

CO    CO 

© 

© 

CO 

f~; 

© 

© 

© 

co    CO 

CM 

fN 

© 

_ 

© 

- 

© 

© 

o 

©  © 

CI 

(^1 

CN 

IM 

<M 

fM 

CN 

CM     CN 

■* 

rr 

Tt* 

■* 

Tt* 

TJ* 

^(* 

•>**       -SJM 

© 

iO 

o 

© 

o 

© 

© 

o   © 

CO 

r- 

oo 

CI 

CO 

c 

CN 

as  ci 

©    CO    CM    ©    -J* 

i-H      r-.      CM 


tJ-     CM     00     Tt*     CM 


r~<      r-<      CM      CI 


CI    CI    CO    OS    O 

tJi    *o    co     t-    •— 


tP 

© 

CO 

o 

t"- 

o 

•* 

r- 

CM 

IN 

fN 

IN 

o 

CO 

t^ 

CO 

r- 

00 

OS 

OS 

_ 

OS 

IO 

CN 

t-*. 

TP 

CN 

o 

I-- 

00 

r- 

© 

r- 

CM 

IO 

CO 

CD 

~ 

CO 

t* 

__ 

»o 

co 

CO 

iO 

■  ■. 

OS 

-•- 

CN 

OS 

IO 

CO 

I 

00 

OO 

00 

OS 

CO 

OS 

00 

ns 

m 

<N 

fN 

u-> 

TP 

*N 

CM 

•o 

CO 

00 

CO 

re 

CN 

O 

o 

iO 

m 

■*f 

Tp 

tP 

tP 

tP 

■ef 

-# 

t- 

t- 

t-- 

b- 

t^ 

t- 

t*- 

r- 

Ci 

Tft 

Os 

tP 

co 

~ 

f- 

O 

CO 

IN 

rr> 

o 

CM 

CO 

r» 

OS 

OS 

OS 

OS 

o 

CO 

CO 

o 

00 

CN 

CD 

OS 

CO 

o 

un 

-- 

-.- 

00 

OS 

■^ 

- 

o 

o 

o 

TP 

-, 

r- 

in 

OS 

CO 

iO 

tp 

ns 

•^J* 

IO 

© 

tp 

r- 

CD 

CN 

M< 

»o 

CM 

_ 

O 

— 

- 

o 

CM 

-t 

CN 

CN 

CN 

CM 

CN 

CM 

TP 

TP 

on 

CD 

,_, 

OS 

h- 

OS 

r~ 

cm 

r- 

r~ 

tP 

CO 

OS 

CO 

ran 

en 

CO 

*n 

m 

■-* 

lO 

•* 

r- 

CO 

CO 

CO 

CD 

cd 

CO 

CO 

CO 

^ 

ns 

(N 

^ 

T) 

m 

N 

OS 

io 

CT> 

CO 

TP 

CO 

CO 

CO 

iO 

CO 

CD 

tP 

eg 

_ 

OS 

OS 

on 

on 

r^ 

rn 

fN 

as 

m 

TP 

io 

TP 

CN 

CO 

CO 

OS 

i- 

t* 

tp 

TP 

tP 

CO 

CO 

CO 

CN 

CM 

CO 

»o 

^ 

,_, 

r>~, 

on 

:~ 

<M 

OO 

CO 

/ 

— 

TT 

•^ 

CO 

CN 

OS 

CN 

OS 

OS 

CO 

US 

m 

tP 

CO 

CO 

CO 

CN 

<N 

CM 

o 

... 

W 

CO 

m 

TP 

r- 

CM 

1^- 

m 

CM 

ej 

CO 

OS 

t>- 

iO 

CO 

CO 

in 

CO 

CO 

CN 

CM 

CN 

CM 

CN 

m 

o 

OO 

_ 

00 

o 

CO 

,_, 

r- 

rn 

CO 

oo 

o 

TP 

r- 

Tj" 

CO 

CO 

CO 

TP 

IO 

io 

»o 

CO 

CO 

ID 

no 

on 

o 

._ 

,_, 

r^ 

- 1 

iT> 

1  - 

TP 

TP 

cc 

r~ 

r- 

1>- 

r^ 

b- 

o 

o 

o 

O 

o 

- 

o 

o 

o 

o 

•n 

rn 

CO 

CO 

. 

fN 

o 

m 

CO 

t— 

CO 

I— 

CN 

CM 

CO 

CO 

■* 

tp 

iO 

»o 

iO 

iO 

»n 

iO 

iO 

iO 

io 

iO 

iO 

iO 

lO 

■  ■- 

IO 

iO 

iO 

iO 

iO 

tO 

IO 

o 

o 

o 

o 

o 

— 

— 

o 

iO 

iO 

iO 

iO 

iO 

»rs 

»o 

iO 

'- 

oo 

00 

00 

CO 

CO 

GO 

/ 

■J 

00 

iO 

'."- 

iO 

io 

iO 

iO 

iO 

iO 

iO 

TP 

TP 

tP 

TP 

TP 

tP 

■*r> 

-* 

■<& 

<- 

in 

in 

CO 

to 

CO 

CO 

CO 

CD 

cu 

o 

CD 

"f 

<* 

TP 

TP 

TP 

TP 

Tp 

"^" 

•J' 

xp 

o 

»c 

— 

o 

o 

C 

o 

3 

O 

00 

r- 

CN 

cm 

CN 

CN 

CM 

CM 

— 

O 

o 

cO 

on 

CO 

-.■ 

-. 

■ 

o 

CO 

n- 

CO 

00 

- 

EC 

— 

3 

-. 

o 

CO 

tP 

! 

; 

\ 

! 

i 

: 

o 

o 

c 

o 

■ 

CD 

in 

on 

CN 

CN 

—. 

CN 

CN 

tP 

iO 

t- 

CD 

rn 

io 

— < 

IO 

o 

CO 

in 

O 

-r 

rM 

tO 

o 

~ 

CO 

OS 

CO 

OS 

OS 

_ 

OS 

OS 

OS 

o 

OS 

•^ 

o 

t- 

CO 

o 

CM 

" 

o 

CO 

00 

= 

CM 

CM 

K 

■' 

■CO 

CO 

CO 

CO 

CM 

fM 

<N 

h- 

CO 

—i 

00 

r^ 

oo 

o 

iO 

CM 

M* 

iO 

r- 

OS 

~ 

CM 

CM 

■* 

TO 

os 

CM 

-^ 

iO 

CO 

r- 

CM 

CO 

CD 

OS 

— 

r- 

t-- 

t* 

t^- 

t^ 

r- 

r^- 

r- 

00 

co 

- 

CM 

OS 

-«P 

M* 

o 

fN 

-n 

*t* 

CM 

CO 

OO 

CO 

OS 

OS 

o 

o 

^H 

OS 

■Tf< 

OS 

CO 

CO 

^ 

r— 

r- 

- 

ffl 

1*- 

~ 

~ 

CM 

CM 

CO 

CO 

CO 

Os 

— 

o 

r^ 

CO 

in 

- 

h- 

o 

on 

— 

r-t 

CM 

"* 

_■ 

CO 

OS 

OS 

•V 

r~ 

i-vj 

CM 

CM 

CM 

CM 

CM 

,_, 

■N 

fN 

on 

h- 

,_, 

ns 

CN 

CM 

>o 

^ 

os 

■  -: 

OS 

OS 

-f 

cm 

(N 

CM 

r- 

CD 

~ 

CO 

CD 

CO 

.__ 

c_ 

o 

.- 

m 

on 

"<* 

in 

in 

r— 

CM 

CM 

CO 

CO 

iO 

— 

CO 

>— ■ 

iO 

CO 

- 

CO 

-  > 

O 

S 

OS 

OS 

00 

<r> 

_ 

CO 

^p 

r- 

rn 

r- 

r- 

*N 

*N 

OS 

co 

iO 

-rl* 

CO 

OS 

r- 

■* 

"* 

*# 

•^ 

CO 

CO 

CO 

CM 

CM 

, 

m 

d 

— 

1- 

00 

CO 

■*t" 

:- 

OS 

CO 

IO 

:  i 

m 

IO 

— 1 

CO 

»o 

iO 

"<^ 

■** 

CO 

CO 

CO 

CO 

CM 

CO 

o 

_ 

r^ 

o 

CM 

1  - 

'■- 

tP 

CO 

CM 

CO 

OS 

xp 

CM 

_ 

O 

OO 

r- 

~ 

■* 

CO 

CO 

CO 

CO 

CO 

CM 

in 

CO 

o 

CO 

^ 

^p 

r^ 

o 

i— i 

•-< 

CN 

CO 

in 

CL> 

t^ 

00 

o 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

-f 

cf) 

■<# 

•^ 

iO 

ns 

r^> 

-r 

— 

m 

iO 

m 

»o 

m 

O 

— 

^~ 

o 

O 

- 

<r> 

o 

m 

— 

r^ 

t^- 

t  - 

r- 

OS 

_■ 

>— ' 

CM 

CO 

CM 

CM 

CM 

CM 

CM 

CO 

K 

CO 

CO 

CO 

CD 

CD 

CO 

CD 
in 

CD 
in 

■j- 

CO 

CO 

CO 

/. 

CO 

/ 

CO 

CO 

00 

ns 

OS 

OS 

OS 

■* 

rp 

Tji 

■^ 

xp 

-r 

— 

Tt* 

-»P 

-* 

rP 

1 

on 

on 

GO 

O0 

/ 

00 

CO 

CO 

CO 

>jj 

>o 

iO 

iO 

iO 

iO 

iO 

.-. 

IO 

CM 

CM 

fN 

fN 

CM 

r- 

h- 

OS 

OS 

OS 

OS 

OS 

OS 

OS 

CJS 

OS 

CO 

c? 

CO 

CO 

CO 

CO 

CO 

3 

•^i 

Tj" 

o 

»o 

=: 

o 

C 

© 

o 

- 

o 

CO 

t* 

ot 

CM 

CM 

:  > 

- 1 

?l 

CM 

O 

CD 

on 

on 

'. 

: 

- 

© 

CO 

TP 

— 

o 

.- 

- 

■f 

o 

O 

CN 

■f 

: 

i 

: 

: 

d 

o 

o 

■ 

:: 

o 

.- 

-. 

CD 

— 

ar> 

T 

CM 

CM 

--I 

TP 

iO 

CO 

1  - 

CO 

-p 

00 

t-. 

iO 

OS 

c-. 

o 

en 

Tp 

rn 

CM 

m 

00 

oo 

OS 

■Ji 

o 

^ 

CM 

CO 

OS 

-p 

OS 

O 

r- 

CO 

r^ 

on 

on 

tP 

CO 

r— 

- 

"O 

fN 

OO 

CM 

t^ 

OS 

OS 

O 

o 

o 

CO 

s 

fN 

CO 

CO 

CO 

CD 

CJi 

1^ 

'_■ 

O 

CN 

iO 

CD 

CO 

CO 

OS 

OS 

a 

^P 

_, 

m 

rn 

OS 

OS 

1  - 

rg 

CM 

■-0 

CO 

CO 

CO 

TP 

CO 

r- 

r- 

I— 

CO 

m 

OO 

on 

on 

no 

on 

CO 

on 

OO 

t- 

r- 

i^ 

t-- 

t^ 

r- 

I- 

cO 

00 

iO 

CD 

CM 

o 

o 

o 

m 

tP 

a 

CM 

>n 

OO 

.' 

OS 

OS 

o 

CO 

m 

CM 

^ 

CO 

o 

- 

TP 

*N 

on 

OS 

CM 

r>l 

CM 

CM 

CM 

CO 

CO 

CO 

r- 

-p 

r^. 

ns 

■" 

CN 

CO 

OS 

m 

r- 

in 

— 

CO 

OS 

OS 

Tf 

00 

iO 

iN 

__ 

~ 

ns 

OS 

TO 

CO 

o\ 

CM 

:.  i 

CM 

CM 

CO 

—■ 

PQ 

m 

<N 

on 

.- 

rn 

OS 

CO 

CO 

fN 

h- 

CO 

o 

iO 

CO 

t- 

— 

i-~ 

— 

- 

CO 

OO 

m 

IN 

_ 

os 

OS 

~. 

CO 

r- 

t- 

I>- 

cC 

CO 

~ 

OS 

CO 

.. 

m 

co 

rn 

™ 

-i 

CM 

^ 

OS 

i> 

r^ 

CM 

-- 

I-l 

CM 

_ 

~ 

— 

*N 

-' 

^ 

^_, 

CM 

^_ 

-P 

.- 

... 

r^ 

CO 

r- 

■f 

m 

o 

CO 

C(J 

CO 

00 

iO 

CO 

OS 

iO 

■* 

■* 

"P 

CO 

CO 

CO 

CO 

CM 

CM 

fN 

-¥ 

OO 

m 

TP 

r» 

CN 

CO 

CD 

CD 

a 

CD 

OS 

00 

t^ 

CO 

iO 

iO 

in 

iO 

TP 

ta 

-* 

.- 

"i 

__ 

.- 

as 

OS 

OS 

— 

r^- 

CM 

o 

CO 

OS 

CD 

CO 

iO 

tP 

co 

CO 

CO 

CN 

CM 

CM 

fN 

_^ 

f^ 

m 

m 

n- 

iO 

r- 

c 

CM 

tP 

in 

r- 

CO 

CO 

CO 

co 

Tf 

TP 

tP 

TP 

TP 

^M 

fy. 

in 

CO 

OS 

m 

■ 

r- 

OS 

_ 

CM 

CO 

CO 

Tp 

Tp 

1-1 

1-1 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

o 

O 

— i 

o 

~ 

- 

— ■ ■ 

iO 

io 

iO 

»o 

OS 

_ 
CN 

CM 

C4 

rjs 

rr> 

as 

ns 

ns 

Os 

cs 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

rr\ 

CO 

CO 

>n 

uj 

*o 

iO 

iO 

iO 

in 

iO 

m 

CO 

CO 

S5 

CM 

<N 

-1 

IN 

-i 

fN 

fN 

•* 

TP 

■* 

•* 

■^ 

TP 

TP 

tP 

TP 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

to 

.- 

:r> 

CO 

CO 

CO 

CO 

00 

oo 

00 

00 

00 

oo 

00 

CO 

OS 

ns 

OS 

- 

OS 

OS 

OS 

OS 

OS 

-T 

Tf 

TP 

TP 

TP 

o 

*n 

o 

~ 

o 

a 

o 

o 

CD- 

00 

[^ 

CM 

CM 

: ' 

CM 

CM 

o 

O 

O 

o 

on 

CM 

TJ1 

CD 

o 

'." 

O 

TP 

- 

o 

CM 

; 

o 

o 

o 

O 

o 

CO 

-■ 

o 

■ 

o 

CO 

CM 

Tp 

rO 

CM 

rM 

OS 

TJ< 

1- 

_; 

UJ 

". 

> 

- 

o 

- 

0> 

■^ 

< 

:..■ 

0 

> 

Ctl 

tr> 

Xi 

J3 

>i 

= 

- 

•A 

H 

—. 

- 

-. 

C3 

- 

> 

< 

C3  O.C3 
2o™ 


o 

o 

>. 

o 

axi 

a 

ca 

p 

T) 

— 

1   fl 

n 

-. 

a 

- 

> 

o3 

M 

93 

13  <u 

a  H 

-' 

cy 

cd^ 

CI 

-= 

3   II 

■'< 

4J 

o  a  v>  <n 


— ■ 

O 

-■ 

—  — 

cu 

- 

h( 

o 

■«J 

n 

-r 

on 

W   03 

OS 

C 

r/l 

13 

— 

43 

? 

l 

15 

_ 

5 

e 

3 

T!  S 

o 

CD 

_ 

p3 

c 

c3 
42 

- 

cu 

— * 

QS 

- 

a; 

_ 

B 

a 

Tl 

CJ 

•r. 

CI) 

B 

>. 

o 

CU 

3  r 

a 

^ 

^c 

CD 

3=3^  = 

US 

PiiS 

as  fij> 

«—  ^4H 


L0i 


^3 


CO     55 

i»  > — | 
■*»    CO 

s£    * 

O    ^ 


S  S 


-si 


■so- 


a 


H 
ffl 

E-i 


*o 

in 

£§ofe 
Ph'-S     .s 

g  0 

0 

"O 

m 

.3  w 

1? 

(M 

*o 

CD 

00 

OS 

OS 

_ 

CS 

8 1 

s 

C 

0 

(Nl 

CN 

CO 

OS 

00 

CN 

3  '"" 

iO 

ni 

M 

** 

u.) 

r- 

t^- 

t-- 

00 

00 

a 

£ 

rv-. 

fc  ® 

<N 

h- 

eO 

r-- 

s 

i/ 

CD 

O 

OS 

CN 

iC 

m 

z 

0  *n 

CO 

r*. 

on 

00 

as 

os 

OS 

OS 

c 

G) 

'a 

w 

« 

m 

o 

tj- 

0 

■*f 

■«# 

•-1 

0 

0 

o 

IN 

(N 

IN 

3  l- 

t- 

1^ 

». 

l"* 

t- 

t- 

t^ 

r- 

<V—        w 

^ 

«n 

r^ 

m 

afl3.s 

o  g  o  > 

W 

(N 

CJ 

C 

bo 

£ 

1  Ill-is 

8 

00 

* 

CO 

CN 

0 

0 

CO 

r* 

> 

CO 

m 

CN 

CN 

CN 

CN 

CN 

.j. 

■*°  w  C  5> 
00.53 

,n 

,_, 

h- 

r- 

CD  be 

o.~ 

§a 

00 

O 

CN 

OS 

CN 

O0 

CO 

CN 

CN 

ro 

IN 

C3 

h- 

rH     "* 

TJH 

CO 

iC 

00 

t^ 

m 

rj- 

O 

h- 

»o 

CO 

CN 

EH 

C,o. 

cc 

CO 

CO 

CO 

O 

CO 

CO 

OS 

^O 

-, 

in 

3 

— 

CO 

~ 

cO 

Os 

£N 

CO 

0 

1-* 

OS 

■*r 

O 

0 

'o   "* 

CO 

,_( 

- 

OS 

no 

r*. 

r^ 

r- 

Cj  - 

, 

00  00 

r: 

ro 

rA 

C-* 

CO 

ro 

m 

•o 

<x> 

CN 

CO 

10 

CO 

OS 

tuO 

£ 

'o  -# 

■* 

■^ 

-^ 

CO 

CO 

CO 

CN 

0 

Cj 

.d 

0 
Q 

ti3     5  c-r: 
►J.S     0  %£ 

■"o  co 

00 

CO 

CO 

01 

s 

CN 

»f5 

00 

CN 
CN 

s 

OS 

CO 

OS 

CN 

on 

CO         l. 

,_, 

tt 

fc  5> 

iC 

r- 

CN 

CN 

m 

O    CD 

■^ 

CO 

CO 

CM 

Ph 

C| 

r% 

w 

OS 

OS 

,_, 

10 

m 

C3 

o< 

o 

a 

0 

CM 

CO 

to 

00 

OS 

CN 

»C 

bfi 
C 

£-1 

'0  cn 

CO 

CO 

CO 

CO 

CO 

^ 

■^ 

ra 

*>  ao 

OS 

,_, 

OS 

OS 

8 

,-4 

IO 

in 

1m 

1"*- 

(N 

1  - 

-2  ■*■ 

iC 

t^ 

r- 

t^ 

I>- 

r^ 

3 

O 

0  0 

0 

-■ 

0 

- 

as  .a 

c  ^ 

«o 

CO 

W) 

0 

CN 

TP 

"3  N 

<N 

CN 

CN 

CN 

CO 

CO 

CO 

CO 

60     CN 

fM 

(N 

(N 

(N 

fN 

rq 

C3 

M* 

ft* 

OO 

00 

O0 

OO 

00 

uu 

H 

l» 

O 

O 

O 

0 

- 

0 

0 

10 

in 

0 

-*t< 

-* 

T+H 

<"» 

ns 

CTS 

0 

iO 

ic 

*ra 

iO 

IO 

>o 

m 

m 

c 

J 

^O 

iC 

»c 

iQ 

IO 

»o 

iO 

10 

0 

0 

0 

d 

on 

on 

on 

nn 

on 

on 

00 

T3" 

-+1 

-2    <M 

CN 

CN 

CN 

CN 

CN 

CN 

0 
CO 

*C 

>o 

iC 

in 

m 

m 

Q\  ■* 

■^ 

Tp 

■** 

■*r 

•* 

M< 

M< 

■^ 

5§ 

eo    -* 

c 

t*- 

c 

CO 

O 

IG> 

O 

0 

5?  « 

rH 

t— 1 

r-H 

1— 1 

1—1 

0  w 

^0 

3  .a  •-    *  -a  -s 

o£  g«  S  2  2 
•s  «  n  n  ^  s  r. 

in&     0  a^c 
S  &  g     co.S 

m 

,~ 

u-i 

«3    t-. 

CN 

1.' 

1 

CN 

CN 

CN 

CO 

o 

S3 

CO 

5s  w 

CO 

»C 

-* 

00 

00 

C 

Tl 

CO 

CO 

S 

Ph 

k 

1 

; 

' 

] 

' 

■■■- 

O 

r-> 

O 

O 

0 

O 

-• 

■ 

■ 

CO 

CN 

CN 

OS 

" 

■* 

u_; 

r- 

eo 

OS 

F-t 

O 

as 

as 

t-- 

0 

O 

m 

OS 

fO 

r^ 

in 

CN 

^P 

CO 

t-- 

00 

00 

as 

0 

■** 

OS 

t- 

m 

0 

CO 

O 

0 

h- 

h- 

m 

t*. 

OS 

0 

_ 

rH 

O 

-^ 

•^ 

<r> 

CO 

r- 

■* 

r* 

t- 

CN 

c 

0 

00 

in 

CO 

0 

CO 

m 

t^ 

OS 

- 

~ 

CN 

CN 

in 

in 

n 

OS 

CO 

CO 

00 

OS 

00 

OS 

OS 

OS 

OS 

as 

as 

r- 

r- 

1  - 

1  - 

1  - 

t^ 

t» 

1- 

r- 

/ 

■^ 

00 

in 

00 

CN 

CO 

0 

0 

<N 

— 

in 

Is* 

m 

m 

CO 

t> 

00 

OS 

OS 

0 

OS 

CN 

00 

CO 

■^ 

rH 

00 

-H 

CO 

r» 

r-- 

CN 

CN 

CN 

CN 

CO 

fN 

,. 

CD 

r^- 

m 

CN 

m 

lm 

■-# 

■* 

to 

O 

00 

— 

CN 

r^ 

■" 

in 

CN 

CN 

Tf 

-1 

10 

ro 

i_| 

00 

-. 

on 

r- 

l-» 

•— ' 

00 

00 

c-> 

■^ 

CN 

' 

CO 

CO 

"^ 

(N 

CO 

CO 

<£> 

CO 

CO 

CO 

CO 

m 

m 

r- 

rN 

^ 

«o 

fN 

r-> 

1^- 

h- 

-* 

O 

OS 

CO 

OS 

eo 

CN 

00 

■* 

CN 

,—t 

OS 

on 

h- 

h- 

h- 

CO 

~ 

rt 

T-- 

m 

rsi 

in 

on 

J-i 

- 1 

CO 

r— 

CN 

UJ 

CO 

OS 

00 

M< 

■* 

■* 

^* 

CO 

CO 

CO 

CN 

CN 

iO 

(N 

^ 

it) 

> 

OS 

10 

in 

0 

■* 

OS 

in 

■— 1 

OS 

OS 

r-- 

CO 

-# 

CO 

CN 

CN 

CN 

rH 

1-1 

1-4 

'"", 

CO 

m 

(N 

m 

Tfl 

■f 

CO 

1 

CO 

<N 

00 

CN 

cs 

CO 

in 

^j* 

CN 

m 

-c* 

CO 

CO 

CN 

CN 

CN 

CN 

CN 

r— 

O 

r>- 

,, 

IN 

en 

. 

CN 

on 

r^ 

r^. 

I> 

CO 

O 

CN 

CN 

CN 

CN 

CN 

CM 

CO 

CO 

CO 

t-^ 

t- 

h- 

m 

r- 

t-- 

t- 

.t-- 

t>- 

r*- 

CO 

00 

O 

0 

O 

0 

0 

- 

CO 

■* 

in 

O 

(N 

CO 

r-H 

1—1 

1-1 

1—1 

rH 

CN 

CN 

IN 

CN 

CN 

0 

<~> 

OS 

■ 

as 

rn 

iO 

m 

in 

in 

m 

OS 

OS 

<# 

■^ 

Tf* 

■^ 

•v 

v 

■<* 

"^ 

*r 

<n 

O 

t— . 

t-- 

t  - 

1  - 

1  - 

1  - 

'  - 

r- 

r- 

in 

in 

iO 

in 

iO 

in 

m 

m 

in 

rN 

<N 

*N 

(N 

IN 

■* 

■^f 

■* 

•^ 

-* 

Tf 

Tfl 

Tp 

Tp 

Tt< 

Tf 

-«t* 

M< 

rf 

■^ 

■rf< 

-^| 

■^ 

TP 

Tp 

■* 

■* 

CO 

O 

CO 

=: 

O 

O 

»n 

O 

O 

OS 

N 

OS 

ri 

CN 

CN 

<r> 

0 

— 

>n 

O 

r. 

O 

O 

in 

1^- 

CN 

CN 

CO 

Tf 

CN 

CN 

■* 

TP 

t- 

00 

c 

CN 

CO 

: 

O 

— 

O 

C 

O 

1  . 

O 

CO 

:     ■ 

CO 

^f 

on 

■^ 

ro 

CO 

CN 

CN 

CO 

as 

■~ 

CN 

CN 

■^ 

1W 

t>- 

1-1 

as 

t^- 

— 

■^f< 

0 

T*4 

0 

00 

0 

r^ 

CN 

r- 

Tj" 

CO 

t*~ 

OS 

- 

OS 

OS 

as 

0 

CO 

CO 

00 

~ 

OS 

00 

CO 

n 

m 

CN 

CO 

TP 

•* 

rp 

TP 

r^ 

ro 

r* 

**< 

to 

m 

0 

-1 

CO 

OS 

CO 

to 

tp 

00 

t-- 

to 

00 

OS 

CN 

-1 

CN 

CN 

0 

IN 

h- 

CN 

0 

OS 

m 

i-H 

OO 

r~ 

m 

TTI 

•*p 

•*v 

*H 

!>. 

fr- 

t^. 

r- 

I>- 

t- 

^H 

CN 

CO 

m 

0 

os 

CO 

■^ 

0 

CO 

h- 

IN 

h- 

OS 

CN 

m 

t- 

00 

^. 

OS 

OS 

OS 

as 

CN 

Tt* 

t- 

■* 

■* 

CN 

0 

■<* 

CN 

in 

T-l 

^_, 

I-* 

^4 

CN 

CN 

CN 

CN 

r^ 

,_, 

CO 

h- 

r*. 

1  - 

•H 

OS 

CN 

M< 

cO 

O 

- 

O 

CO 

sB 

<N 

,_! 

<r> 

rr> 

ns 

CN 

CN 

CN 

CO 

1  - 

CN 

ro 

CO 

C3 

OS 

r-~ 

h- 

fO 

>-* 

OS 

CN 

M* 

CO 

O 

O 

CO 

£ 

CO 

CO 

~ 

■~ 

•0 

to 

CO 

00 

,_, 

on 

1^. 

t_1 

1^. 

-1 

t^ 

CO 

CO 

CO 

TP 

— 

to 

CN 

m 

— 

CN 

■3 

OS 

OS 

00 

OO 

_, 

CO 

CO 

I-- 

to 

^ 

in 

r- 

CN 

r^ 

r*. 

CN 

""*< 

t^- 

•* 

r- 

m 

*o 

in 

in 

^ 

rf 

•^ 

Tf* 

't$ 

CO 

^ 

!-*• 

■r 

IN 

OS 

t 

0 

CO 

on 

t>- 

fj 

O 

0 

as 

t~~ 

■* 

CO 

CN 

CN 

CN 

CN 

CN 

1-1 

rH 

in 

on 

m 

r^ 

r» 

-.- 

OS 

CN 

O 

to 

m 

-* 

CO 

iO 

•^ 

TP 

CO 

CO 

CN 

CN 

CN 

CN 

CN 

m 

en 

CO 

as 

to 

r* 

to 

^t* 

ro 

^ 

GO 

co 

00 

to 

O 

CN 

CN 

CO 

CO 

CO 

CO 

"* 

«# 

m 

CN 

0 

rr, 

CO 

OS 

CO 

r^ 

in 

■■- 

CO 

t~- 

r- 

r«* 

r- 

t- 

O 

O 

0 

O 

0 

O 

e-s 

0 

0 

0 

CN 

CO 

iO 

to 

O 

■** 

00 

CN 

CN 

CN 

CN 

CN 

CO 

CO 

CO 

CO 

■H4 

ro 

ro 

ro 

CO 

s 

en 

I~* 

r> 

t-- 

**~ 

t>- 

t~- 

f- 

t- 

r- 

r- 

r- 

r^- 

r^. 

r^. 

TP 

-* 

TP 

•**< 

--* 

m* 

*^f 

■^ 

■hh 

^ 

r- 

h- 

r^ 

r* 

r^. 

r^. 

r- 

CO 

co 

ro 

CO 

CO 

co 

1^. 

r— 

r^ 

!>. 

t^. 

t^ 

r- 

r- 

r^ 

10 

10 

m 

in 

in 

in 

in 

*n 

in 

CO 

CO 

CO 

to 

CO 

to 

to 

to 

CO 

(N 

(N 

0 

_ 

O 

0 

_ 

— 

0 

0 

0 

IN 

01 

IN 

IN 

TP 

Tj< 

-^« 

"* 

-* 

"^ 

-ej* 

■* 

■* 

■* 

O 

t~ 

O 

to 

O 

»n 

c: 

0 

CO 

00 

t^ 

CN 

OS 

ri 

^ 

CN 

CN 

in 

in 

r-> 

O 

O 

h- 

CN 

0 

^ 

O 

O 

CN 

CO 

"* 

CO 

CO 

»n 

■*JH 

00 

00 

—■ 

N 

g 

• 

1 

: 

O 

c 

0 

0 

cs 

0 

-j 

Tt* 

CN 

■*r 

m 

rN 

OS 

CN 

CM 

^ri 

10 

to 

r* 

168 


CO    CO 

CO    o 

~ 

CO    to 

CO 

tO    o 

>o    OS 

OS 

co  co 

CO    OS 

_ 

OS    OS 

OS 

OS    O 

Tj<     OS 

CN 

r-  o 

CO 

S3 

O     CO 

CN 

T—       CO 

■^   rJH 

to  to 

in 

-<    CO 

oo 

h- 

OS 

CN    CO 

O    CN 

tO 

s 

o  o 

o 

tD    CO 

_, 

00   oo 

r^ 

CO     -f 

iO    CN 

rJH    t- 

■— ' 

tO 

»o    to 

TJ< 

t- 

r-   t- 

t-  r- 

r- 

**    CN 

O    OS 

•* 

00    00 

o 

■*   oo 

o 

CN    CD 

t-    CO 

OS 

Os    OS 

o 

t-   r- 

CN    CO 

- 

t—    to 

O0 

tO    CN 

to   CO 

o 

OS    o 

R 

r- 

Tfl       CO 

to   CO 

-, 

S3  2 

tO 

as 

10   r- 

CO     CO 

OS 

O    CO 

O    OS 

OS 

CN     CN 

CN     CM 

CN     i-t 

~ 

. 

to 

t-  o 

OS 

>o    CO 

OS 

r-   i^- 

to 

i-i    rf 

iO    o 

tO      TP 

OS 

CD 

CO   «o 
to   to 

10  »ra 
to   to 

s 

rf    t£    -rH 

to   to   to 

OS     CN 

CO       ^fH 

on 

00    i-* 

>o 

-V     CO 
CN     O 

■ '     / 

-■- 

os 

CO    rjn 

CO     00 

*** 

iO 

-#     CN 

O    OS 

00 

00   t>- 

t- 

as 

CN     Tf< 

to 

-1    f 

rH     TJ« 

co   r- 

»o 

CO    o 

o 

to 

iO    "^ 

•■^   CO 

CO 

CO    CO 

CN 

■^  to 

to  -n* 

IT) 

00    o 

OS 

os   ~r 

O    CO 

OS 

CN    iO 

CO 

CO     I-H 

o 

■* 

■^     CO 

CO    CN 

CN 

CN    CN 

CN 

b-  1-t 

tO     1-H 

•■* 

oo   r— 

o 

t- 

cc    re 

CO    o 

CO 

o   — 

oo 

CO    o 

CO     --I 

tO 

rjl  -^ 

CO    CO 

CN 

CN    CN 

CN 

__, 

-^     iO 

CN    CO 

CO 

"-#   ■■# 

OS 

-3<      CO 

i-<    o 

rp 

t-  «-< 

TT< 

M 

CO    CO 

Tji     IO 

tO 

tO    CO 

to 

Tj<       IO 

as 

T< 

>o    t- 

CO 

■W 

"^    tO 

to   t- 

t*- 

r—  t~- 

o 

o  o 

- 

o  o 

o 

iO 

re    re 

o 

t- 

OS    CN 

to    CO 

t*- 

O     CO 

r- 

CN 

CN    CO 

CO    rji 

•* 

40     to 

tO 

ua 

tO     tO 

tO    iO 

to 

tO    tO 

tO 

iO 

iO    to 

•o   «o 

tO 

to    tO 

o 

o  o 

o 

o  o 

o 

m 

tO    iO 

uo   »o 

tc   ■■ 

T 

eC    — 

CO 

CO 

CO    OO 

CO    CO 

00 

CO     CO 

00 

W 

IO      IO 

«o   iO 

tO 

to.   to 

tO 

•3" 

Tj-       T- 

T91      M' 

to    tO 

- 

35  S  35 

co 

to  to 

to  co 

CD 

CO    CO 

CO 

TjH 

"^  -"*- 

Tt< 

T"     ■# 

T* 

■^ 

Tf      Tf 

■v  -^r 

rj» 

to 

o  to 

cs  to 

o 

tO    o 

o 

eN  os 

CN    OS 

CN 

-h     CN 

CI 

CD    iO 

o 

B    o 

o 

CN 

-T> 

CN 

CN    rj* 

r}«    t— 

00 

C    CN 

to 

i  i 

o 

CO 

_■  ■ 

.- 

_    c 

Ot. 

-3-      CN 

to 

tO     CN 

-1 

co    en 
to   r>- 

CO 

CN     Tji 

1—1 

f-l 

to 

to 

l> 

r- 

00 

o 

o 

r~. 

r* 

r-- 

t- 

o 

O 

CN 

*o 

t-- 

/ 

OS 

OS 

_ 

o 

tO 

^H 

r- 

to 

rf 

to 

r- 

„ 

to 

Is- 

tO 

to 

to 

tn 

r- 

1^ 

CN 

00 

OS 

OS 

h~. 

,_, 

fN 

J- 

CN 

on 

m 

M< 

" 

00 

o 

00 

o 

CJ 

•-i 

r- 

r- 

/ 

oo 

I- 

oo 

-— 

CO 

O? 

re 

CO 

""* 

f 

tO 

1-^ 

tn 

f-n 

CN 

OS 

OS 

OS 

CN 

' 

h- 

00 

■^ 

Tjl 

I-* 

to 

CO 

r- 

r^. 

r- 

f^. 

to 

to 

tn 

iO 

r- 

b- 

r- 

r- 

1^. 

ti- 

t— 

r- 

r-t 

os 

CO 

OS 

t- 

tO 

o 

o 

CI 

to 

ers 

fN 

r- 

Q 

CN 

to 

to 

00 

CO 

OS 

OS 

o 

o 

CN 

CN 

/ 

to 

iO 

o 

OS 

r^. 

m 

CN 

CN 

CN 

CO 

CO 

I_) 

, 

•n* 

^ 

■■  1 

h- 

-- 

m 

CO 

*# 

to 

GO 

CO 

OS 

to 

CN 

o 

CO 

^ 

IN 

t-> 

— 

' 

CO 

/ 

CO 

-  i 

rt 

00 

CO 

to 

— 

CO 

M* 

ro 

« 

to 

to 

•  ■ 

r— 

m 

in 

TJ' 

to 

— 

00 

to 

00 

to 

CN 

o 

s 

s 

fN 

CN 

r^- 

CO 

to 

to 

to 

CO 

to 

eo 

CO 

to 

CN 

^ 

o 

OS 

^ 

to 

h- 

•*1* 

■«# 

»o 

o 

CO 

CN 

CO 

o 

to 

o 

t^. 

'". 

:- 

— 

OS 

C» 

00 

CO 

■*f 

n> 

s 

pa 

CN 

tO 

CO 

tO 

r* 

tO 

CN 

ro 

CN 

— 1 

■^ 

CO 

t^- 

tO 

CO 

— 

to 

»o 

-^ 

t3< 

C-3 

CO 

CT 

CO 

CO 

N. 

iO 

s 

t- 

CN 

to 

Of) 

CO 

I- 

■^" 

/ 

CO 

00 

to 

-o 

CO 

»o 

Tf 

CO 

CO 

CN 

CN 

CN 

CN 

CN 

J_l 

OS 

CO 

to 

. 

CO 

CN 

r- 

"«* 

1  - 

CO 

o 

CO 

f» 

o 

to 

o 

CO 

r- 

tO 

Tf< 

■* 

CO 

CO 

CO 

CO 

CN 

CS 

r- 

on 

on 

t- 

r- 

tO 

h- 

CN 

CO 

to 

to 

t- 

00 

O 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

tP 

h- 

r- 

r*» 

IO 

CN 

t-- 

CN 

en 

u 

CO 

OO 

Tf 

■^ 

■*}« 

tO 

iO 

CD 

o 

o 

— ■ 

— ■ 

t~> 

o 

o 

to 

OS 

t-~ 

t"- 

r- 

t-- 

OS 

o 

— 

CN 

CO 

CN 

CN 

CN 

CN 

CN 

CO 

CO 

CO 

CO 

tf> 

to 

tn 

-- 

to 

to 

tc 

to 

to 

tO 

m 

tn 

to 

tO 

to 

to 

CO 

oo 

00 

CO 

CO 

00 

00 

oo 

GO 

OS 

OS 

- 

OS 

OS 

OS 

OS 

■^ 

"* 

*tf 

T** 

Tf 

■■*< 

M* 

^** 

■* 

^ 

T- 

_ 

■n* 

"^ 

-ff 

Of) 

00 

t 

on 

Ot) 

an 

oo 

GO 

00 

oo 

00 

00 

oo 

oo 

CO 

tO 

to 

»o 

»o 

tO 

iO 

tO 

to 

tO 

<N 

CN 

£>- 

r- 

h- 

r- 

r~ 

t- 

t- 

r— 

OS 

OS 

CS 

OS 

OS 

OS 

Os 

os 

OS 

CO 

PC 

"<r 

■^r 

"f 

"<^ 

■* 

■^ 

TP 

CO 

a 

to 

o 

o 

o 

■a 

c 

o 

OS 

CN 

OS 

CN 

CN 

N 

CN 

o 

_ 

<~> 

o 

to 

- 

o 

<r> 

o 

CN 

CN 

CO 

CN 

CN 

■^ 

•* 

CO 

c 

CN 

CO 

] 

1 

1 

| 

a 

a 

o 

o 

: 

'■ 

■ 

CO 

■ 

'  . 

' 

CN 

"rr 

' 

Of) 

T 

CN 

iO 

CN 

CN 

CN 

■V 

UJ 

to 

r- 

TH 

— • 

*o 

OS 

CN 

I— 

OS 

o 

,_, 

_H 

CN 

iO 

CO 

oo 

OS 

as 

OS 

o 

CN 

*o 

rH 

CO 

to 

rj* 

t- 

o 

o  to 

■f 

^ 

CO 

CO 

to 

C-J 

CN 

CN 

CN 

^ 

.- 

f-H 

CO 

OO    to 

S3 

S 

CN    •■* 

CN 

■* 

pg 

OS 

CO   to 

t- 

OS 

— 

CN 

1^ 

,__, 

i-A 

as 

-^     iO 

'  1 

m 

to 

to   to 

CO 

CO 

tO 

to 

CO 

tO 

r* 

OS     OS 

OS 

cn 

as 

t— 

t- 

t- 

t- 

t- 

t- 

t— 

00 

CN 

o 

OS 

_ 

OS 

00 

o 

O    CO 

CN 

CD 

CO 

to 

to 

t- 

*. 

00 

OS 

o 

,-H 

r— 

r* 

r-t 

OS 

tO 

to 

o 

h- 

fN 

N- 

CN 

CN 

CN 

CO 

CO 

to 

t- 

fN 

tO     CN 

-- 

£ 

CN 

•*** 

CO 

T 

CO      T* 

_ 

r- 

I— 

CN    CN 

CN 

CN 

1—1 

tO 

to 

h- 

.,-. 

cn   as 

>o 

h- 

-h 

r- 

CN    O 

to 

rf 

— 

CO 

CO 

CN 

t- 

h- 

I*-    t- 

t- 

r- 

to 

CO 

CO 

to 

tO 

00    tO 

m 

, 

OS     CD 

..- . 

to 

r— 

t— 

Tt<    tO 

t- 

rf 

rj* 

OS     t- 

M* 

-■-■ 

^H 

C 

— 

OS 

as 

1—1 

1-1 

1-1 

CO    to 

r— 

tO 

in 

CN     rH 
O    CN 

CN 

to 

■"-: 

fN 

r-- 

rP 

rj* 

00 

to 

Tj- 

tO    iO 

■^ 

rt< 

CO 

CO 

CO 

CO 

co 

r—   t^ 

t- 

,_, 

'O 

tO 

tO 

CO    00 

CN 

■* 

1^ 

o 

1  - 

^ 

r-   to 

-O 

tO 

■* 

TjH 

rjl 

CO 

CO 

OO     CO 

OS 

CN 

o 

r- 

1_A 

f3 

Is- 

rH     *0 

CO 

r- 

rf< 

CO 

OS 

00 

t— 

t-     tO 

to 

CO 

CO 

CO 

CN 

CN 

CI 

OS     OS 

_ 

CD 

as 

CO     CO 

r— 

rj<    CN 

UJ 

i  - 

_ 

CN 

*o 

t- 

co    CO 

CO 

CO 

rt< 

■^ 

rj< 

rfi 

rH 

OS    OS 

■^ 

CO 

, 

-H       O 

tn 

CO 

1 

CO 

I— 

OS    t*- 

OS 

CO 

Tfl 

f 

r-t     i-l 

1~i 

CN 

CN 

CN 

CN 

CN 

CN 

o  o 

o 

■-: 

n 

f) 

CN     CO 

fN 

fN 

tn 

»o   tO 

tO 

iO 

t- 

OS 

CO 
CN 

CN 

CO 

os  as 

OS 

as 

s     f 

/ 

oo 

OT) 

8 

Of) 

CO 

CN 

CN 

CO     CO 

CO 

CO 

CO 

CO 

— 

CO 

tlj 

to 

to 

CO     CO 

ro 

-^ 

-', 

8 

CN     CN 

fN 

i-M 

CN 

CN 

Tf       Tj< 

rr 

rji 

rf 

rf 

■^ 

■* 

tfi 

CO    CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

to   to 

trs 

CO    CO 

CO 

crs 

CO 

CO     GO 

CO 

00 

00 

00 

CO 

oo 

CO 

as  os 

rn 

OS 

m 

rj*  -rH 

■* 

rji 

rj< 

-* 

T* 

■n-    o 

i- 

o 

o 

o 

to 

o 

O 

CO    CN 

r— 

fN 

r_, 

fN 

— 

CN 

CN 

tO    o 

»n 

in 

r-    iO 

■ 

h*. 

O 

iO 

'  ■ 

CO    CN 

to 

rP 

t— 

CO 

r 

CN 

CO 

<-> 

CO 

o   o 

■ 

■ 

cs 

rf 

1 

GO 

Tf 

fN 

m 

O    CO 

to 

CN 

CO 

as 

r-1      i-t 

rJH 

CO 

t— 

1-1  a 


OaiO 


CD   3jD 
t)  c3  hi 

|  §g 

■S"3  c 

>     QJ 

^  C3  be    . 


•sec  ii 

g  vi  «  g 


*  rt  B  = 
a,  a>  V)  tn 

ooP': 


a  to 

o  3 
lab 

0-5  • 
£«> 

H    «    O    Q 

n        CO) 

3-SfeS 
oo  >>m 
_a  53  « 
£—  O  t 

ffi  §o  ra 

S^3  w  ^ 

2  I'd  o 
ffl  "°  C"= 
—  io  «  m 
3.ti  ►  tJ) 
°  C9  S2  OS 

m  ^  a  a 

g  S""-a 

5^3 

oos'g 
aj  3  o  3 

<e  o  o.— 


0«  S  3 
a  rt  K  « 

—  ^5-0  3 

«S  a  £ 
SgSS 

♦£  3  fcZ'-H 
00.3i> 

SiS  c  « 

—  «    <y  -- 

■3-< 


169 


t- 

iO 

© 
CO 

00 

CO 

© 

Os 
CO 

&3-S  3 
2.22  £ 

1 

CN 

© 

00 

O) 

a 

o 

© 

22  3 

e 

m 

OS 

© 

3  <= 

OS 

in 

© 

CN 

CO 

CN 

Ih 

iO 

r- 

CT> 

a 

i— i 

d 

^ 

*n 

lO 

u-v 

no 

CN 

.   00 

CO 

ro 

CO 

© 

CO 

en 

on 

Q> 

'S  *- 

tO 

CN 

CO 

r*» 

CO 

<N 

tn 

fc 

(^  «o 

r- 

o> 

— 

- 

- 

tN 

CN 

CN 

P 

CO 

OS 

** 

CD 

r> 

CN 

tf 

Is- 

■^ 

m 

ro 

o 

o  «? 

CO 

t^. 

tA) 

© 

iO 

CO 

OS 

O 

C)  <o 

CO 

u-) 

IO 

iO 

m 

»o 

iO 

■* 

t^. 

t-- 

i^ 

t*- 

r- 

r>- 

^ 

o.aS.3 
o  g  o  > 

•g 

iO 

^ 

© 

OS 

© 

i^- 

t-- 

© 

o 

g  ° 

CN 

cn 

IO 

© 

00 

o 

cn 

OS 

o 

.3 

fc-5~8 

^ 

i   ,  B   i   « 

■g 

© 

- 

C5 

r^ 

m 

CN 

00 

CN 

> 

c3 
CO 

3^!  sSg 

Si  ° 
1? 

r- 

r^ 

Ol 

ns 

CN 

CN 

CO 

CO 

IO 

CN 

CN 

:- 

, 

r 

■rt< 

S! 

© 

ara  3tj 

■g  m  a  JJ 

H  "9  M 

rN 

nn 

eu  be 

v  d 

•s«? 

*n 

CN 

rt< 

r- 

O 

1-1 

t^ 

CO 

^3 

CO 

-o 

on 

m 

r- 

CM 

OJ 

CN 

1-1 

■""' 

1-1 

1-1 

— 

_ 

o 

CN 

-1 

"* 

03 

^  oo 

CO 

TP 

© 

c 

M 

CO 

OS 

© 

O 

^£ 

on 

CD 

in 

■rfH 

ro 

evi 

CN 

CN 

CD 

© 

© 

CD 

© 

CO 

CO 

© 

^ 

© 

-- 

a 

.    m 

CO 

h- 

OS 

-s  I> 

» 

i-1 

iH 

CN 

CN 

IO 

t^. 

Eh 

Cj  © 

-<f 

^_, 

_ 

a> 

on 

on 

r- 

CO 

i— I 

.,, 

CN 

on 

oq 

-i 

CO 

iO 

m 

»o 

CO 

en 

© 

-3  M 

CN 

.. 

© 

CO 

CN 

CO 

r^ 

© 

ta 

5 

■^ 

^ 

re 

CO 

CO 

<N 

CN 

CN 

•5 

o 

a> 

3.3  g3  1 5 

CO 
.   OS 

00 

— 

t— 

OS 
CN 

■* 

h- 

© 
1^ 

© 
iO 

Q 

'o  ""^ 

t- 

CJ 

r^ 

TjH 

— ' 

I>. 

C}  ■* 

co 

CO 

CN 

CN 

CN 

CN 

CN 

1-1 

w  — 

-   CO 

cr> 

in 

00 

CO 

on 

t^» 

3 

5 

fN 

-1 

'. 

~  00 

CO 

»C 

r- 

CO 

CO 

CN 

r~ 

CO 

© 

^J< 

-* 

CO 

CN 

CO 

CN 

■?* 

o 

r- 

© 

.-. 

m 

CO 

-_ 

CN 

© 

^5 
O 
E"l 

h- 

-i 

fvj 

o 
O 

•s  °° 

© 
CN 

(N 
CO 

CO 

CO 

CO 

CO 
CO 

OS 

CO 

■xf 

•a 

ct 

o 

,, 

© 

— 

m 

eo 

■^ 

CN 

© 

a 

-' 

r- 

'■" 

r- 

fN 

"3  •*• 
PS,  o 

iO 

© 

CO 

t^- 

r- 

t- 

r- 

t> 

•2 

J3 

o 

o 

o 

c 

o 

- 

~ 

© 

o 

© 

^3 

~  f 

•*J< 

EC 

CD 

CO 

o 

CN 

■* 

i> 

a)  c3 
03  Jd 

C)  ci 

CN 

CN 

CN 

C4 

ro 

ro 

CO 

CO 

t— 

r- 

r^- 

r~- 

._ 

r- 

h- 

r^- 

t— 

3 
o 
Eh 

lO 

■.- 

«-> 

.r> 

»n 

m 

m 

"S  r! 

CN 

CN 

CN 

CN 

rt 

CN 

CN 

CN 

iO 

IQ 

iQ 

>-■ 

-~ 

iO 

iO 

IO 

0 

© 

<TS 

OS 

m 

T. 

OS 

OS 

© 

.    O 

■ 

.  . 

<T5 

■ 

© 

© 

~     O 

s 

O 

_ 

^ 

C 

_ 

_ 

© 

3 

3 

C}  © 

© 

© 

CD 

CD 

© 

© 

CO 

© 

o 
O 

o 

CO 

nn 

on 

nn 

on 

on 

on 

00 

CO 

? 

.  -* 

rp 

*£  « 

CN 

CN 

:N 

CN 

CN 

CN 

CN 

CN 

C/2 

C)  *o 

o 

iO 

iO 

>n 

■  - 

in 

in 

■**■ 

"^ 

Th 

TT 

-v 

Tf 

■* 

•^ 

■=>   , 

CO 

-■ 

cn 

o 

© 

© 

CN 

— 

© 

tigs 

o  ■* 

© 

C33 

©" 

Oi 

t.N 

t* 

OS 

CN 

aSo 

§ 

k)  o 

0_c  u  ^  tf  is 
fl'g  55  3  2  a 

o 

— ■ 

— 

n 

~- 

O 

o 

© 

o 

. 

.-■: 

:  ; 

O 

■ 

--■> 

© 

Or-H 

Ei 

■Tt< 

^& 

^ 

J3 

3 

—  a 

C3  O 

3~ 

o 

o 

o 

CO 

o 

■ 

< 

CO 

M 

— 

CN 

CO 

■^f 

CN 

e*s 

CO 

CN 

rs 

r-( 

CM 

CN 

-V 

m 

© 

t- 

h    N    CC    SO    O 
©    CN    OS    t)5 


m©t—   oo  m   <fl   Tf  en 

Otdoir^H-fnTfoi 
CNor-©©©^Hi-H 


CO 

CN 

Of' 

cO 

•* 

3 

CN 

1  - 

ro 

rm 

r~ 

© 

■— i 

-**< 

■^ 

CN 

© 

© 

00 

-i 

CO 

■*J< 

^ 

m 

CN 

© 

CN 

OS 

., 

© 

CN 

OS 

© 

~# 

** 

Tf< 

© 

i— ' 

— 

1-* 

~ 

r-H 

— 

r^ 

•-1 

in 

in 

IO 

»o 

m 

m 

(- 

t- 

r~ 

t^ 

r- 

r- 

t> 

t^ 

CO©iOCO©CNCN© 

0^0-*NtONio6 

CNiO©l^C0C0©C 


iO©t—    CNmt^-iOCN 


CN 

CD 

Is- 

r- 

on 

m 

in 

CO 

iO 

... 

r- 

SI 

Of) 

CN 

CO 

CO 

rP 

CN 

CN 

ro 

r- 

CO 

X 

© 

CN 

CN 

f— 

Is- 

^ 

00 

m 

«o 

<n 

r- 

on 

>~. :■ 

-J- 

"■ 

.-o 

© 

CN 

00 

© 

CO 

CO 

— 

CN 

© 

© 

© 

© 

© 

© 

© 

© 

CO 

iO 

© 

— 

IO 

CO 

^ 

CO 

© 

© 

© 

-o 

/. 

-. 

00 

o 

m 

m 

— 

,_( 

— i 

K 

t-- 

r- 

J>. 

© 

1-1 

1-1 

^~ 

r-^ 

r^ 

»- 

m 

© 

iO 

,n 

00 

© 

1  - 

OS 

on 

© 

<N 

o 

© 

m 

00 

CN 

r- 

© 

■* 

■* 

ro 

co 

CO 

CO 

CN 

CN 

CN 

rrs 

^ 

CO 

-;- 

CN 

t^ 

3 

CN 

on 

CO 

© 

C 

CO 

t- 

■* 

■* 

CO 

CN 

CN 

CN 

CN 

*~* 

rH 

CO 

© 

Tt« 

CD 

m 

s; 

Tt< 

CO 

■e^ 

r^ 

m 

m 

Tf< 

© 

— 

t- 

00 

-tr1 

CN 

© 

IO 

-* 

CO 

CO 

tM 

CN 

CN 

CN 

CN 

»n 

fN 

CN 

on 

in 

© 

on 

CO 

r- 

o 

OS 

© 

CN 

CO 

Is- 

© 

CN 

CN 

CN 

(.-^ 

CN 

CN 

CN 

fN 

CO 

CO 

CN 

■N 

^ 

IN 

on 

•n 

© 

Is- 

~ 

Is- 

h- 

• 

© 

r^ 

r- 

t- 

r- 

00 

r- 

CO 

© 

- 

o 

— ■ 

© 

CN 

CO 

Tf 

iO 

iO 

a 

CN 

CO 

■*F 

I— 1 

^ 

^ 

■"* 

CN 

CN 

M 

CN 

CN 

»o 

m 

m 

iO 

1- 

in 

m 

m 

> 

o 

o 

o 

© 

© 

O 

o 

3 

— 

© 

c 

© 

© 

o 

-■ 

— 

© 

© 

© 

© 

© 

m 

1T3 

IO 

IO 

IO 

^v 

iO 

m 

m 

,. 

in 

IO 

iO 

iO 

ID 

^n 

' 

Of) 

on 

Of) 

oo 

m 

iO 

iO 

•-'; 

IO 

iO 

.- 

>-■ 

in 

in 

.- 

IO 

•O 

IO 

m 

IO 

■O 

o 

©> 

© 

-  i 

■^ 

TP 

-=J< 

■* 

-* 

TP 

•* 

TJ» 

■^ 

"^f 

■rf< 

Tt* 

tf 

■V? 

■^ 

M< 

^ 

■* 

TJ< 

^f 

"* 

■rt* 

rt* 

-CP 

«* 

■    © 

© 

© 

© 

© 

© 

© 

© 

© 

©©©O©©©©© 

U3    UJ    O    O    O    C     ©    ©    © 

r-1     r-<     CN     CN     CO     CO     -^ 


t—     C3CN'^"in©ts-^-. 


COCNtPhNO-*!-. 

on   r-^  oi   on  in  ©'   x   © 

CNiO©OOOSO©OS 


cn   t-   ^h   io   oo   r- 


ty 

m 

nn 

w 

rN 

■«# 

in 

■ 

CO 

CO 

OS 

on 

© 

Tf* 

i-* 

CN 

© 

© 

CO 

Is- 

© 

CO 

T** 

IO 

in 

m 

o 

IT) 

-t- 

CN 

© 

on 

CC 

-i 

s 

iXJ 

f 

■^ 

i— * 

© 

r- 

t^ 

Is- 

h- 

Is- 

Is- 

Is- 

£— 

t- 

l" 

t- 

t— 

r"" 

l^" 

r- 

©     Is-     ©     ©     CO     IT-     © 


©,-i©mcN©.-i© 


oococNin©cNr-'*© 

HOOtC^C'lCOTfO 
roMOCNCCriH^CB 

iQ^CNr^OSOSOSOSCO" 

NCNNCNH«riHH 

•^DCOihWOOWO'O 
•^CNCNNiOf^NfO 
CnOONOOHCNH© 

r^©"T«CO^H^H-H^© 

©    ©    ©    CO    ©    ©    ©    ©    'D 


CN 

,- 

Is- 

CO 

OS 

ic-i 

CO 

ro 

© 

CN 

Is- 

00 

© 

© 

CO 

t- 

t- 

m 

CN 

^H 

© 

© 

00 

CO 

Is- 

1-1 

1-1 

1-1 

(.. 

© 

CN 

m 

OS 

CO 

■f 

CN 

i— < 

© 

iO 

CO 

*n 

-* 

<tf 

Tf 

Tt« 

TT 

CO 

CO 

CO 

CO 

CN 

Is- 

m 

IO 

o 

o 

>n 

OS 

© 

m 

OS 

iO 

C-J 

i-H 

I-* 

oo 

m 

CO 

CO 

CN 

CI 

CN 

CN 

CN 

•""' 

fN 

on 

on 

^ 

-i 

© 

«* 

CO 

T<7 

m 

t- 

CD 

OJ 

© 

© 

•* 

^P 

CO 

n 

CO 

CN 

CN 

nn 

r- 

Is- 

CD 

Is- 

■* 

IT! 

CO 

cy> 

© 

OS 

r- 

on 

1-H 

CN 

r- 

00 

_ 

- 

o 

CN 

CN 

CO 

CO 

co 

ro 

•<* 

-"P 

iO 

on 

Is- 

p. 

CD 

Is- 

-** 

/■ 

-- 

M* 

- 

m 

•* 

© 

in 

r- 

r- 

© 

C- 

r- 

© 

~ 

ra 

<-5 

O 

rs 

o 

CN 

i  - 

CN 

ro 

cc 

© 

-— 

•* 

OO 

CN 

CN 

CN 

CN 

CN 

CO 

ro 

CO 

CO 

rt* 

m 

on 

on 

oft 

on 

r- 

I  - 

t- 

r- 

i  - 

[  - 

r- 

on 

00 

on 

CO 

on 

CO 

oo 

•xr 

■■# 

^t* 

■* 

rp 

•* 

-d* 

■* 

■* 

CN 

CN 

*N 

CN 

<N 

CN 

fN 

fN 

CN 

m 

iO 

iO 

i- 

iO 

o 

© 

© 

© 

© 

© 

CD 

CO 

© 

© 

CD 

tc 

© 

CN 

(N 

CN 

(N 

~i 

CN 

N 

fN 

© 

© 

_■ 

© 

© 

O 

© 

_ 

CN 

CN 

CN 

CN 

CN 

CN 

*ct< 

-# 

Tf 

TP 

•<* 

-r 

■* 

■* 

•^ 

© 

© 

© 

© 

CD 

O 

CN 

© 

© 

QOffiCOOiNNfJJ 


^-.—    CNCNCN-^i-H-'H*: 


©  ©  o  ©  o  o  ©  ©  o 


tr    m   ©    t—    i-h 


l    - 

D     CN 

— 

3 

— 
CN 

oo 

Z-     ro 

fN 

CD 
CN 

CN 

•cr 

CN 

iO 

170 


O©'t--^*'^OOCC© 
co©r—    QO©oO©© 


•JNIN0000WOO 


in 

CO 

r- 

CO 

h- 

r— 

S 

o 

rr> 

© 

CM 

© 

i-i 

cc 

CO 

Tf  ■ 

r- 

© 

_ 

fN 

l-v» 

M 

CM 

CO 

CO 

'""' 

1—1 

1-1 

*"H 

1-4 

in 

■f 

lO 

o 

cm 

,_, 

t- 

m 

m 

cc 

t- 

CO 

CM 

o 

© 

fin 

oo 

CO 

on 

on 

on 

CO 

t- 

f- 

l*" 

r— 

r* 

r- 

t» 

r^ 

i— «   ©  ©  co   r-  ©  r^  © 

CN«nt—    CO©©©© 


COr-tCM©CMmm,-( 


e$ 

•*H 

„ 

m 

in 

CO 

rN 

CO 

CM 

OS 

CO 

O 

•^ 

CD 

© 

CO 

lO 

cm 

_ 

,_, 

© 

CM 

ON 

CM 

CM 

CM 

CM 

CM 

iH 

rO 

r^ 

CO 

on 

on 

CO 

m 

Tf 

•M 

co 

CO 

OS 

iO 

■^ 

■—■ 

CM 

r-~ 

CD 

_^ 

© 

r*. 

CO 

m 

»n 

IC 

3 

r- 

CO 

CD 

CO 

CO 

CD 

„ 

r- 

ns 

CO 

r- 

r- 

O 

r-. 

"■* 

in 

OS 

CO 

m 

m 

CO 

t- 

r~ 

•n 

(-- 

t- 

m 

CM 

_- 

OS 

on 

Of) 

r~- 

r- 

CO 

"!t* 

m 

m 

m 

© 

© 

»n 

CO 

S3 

OS 

■  -■ 

© 

OS 

■^ 

CO 

OS 

t- 

■* 

■*f 

TP 

** 

CO 

CO 

CM 

CM 

CM 

CM 

ro 

on 

ro 

CO 

ro 

CO 

CD 

CO 

m 

CO 

CO 

c- 

OS 

us 

T^ 

OS 

in 

o 

CM 

© 

w 

Tt< 

CO 

« 

CM 

CM 

CM 

CM 

CM 

m 

cm 

ns 

CO 

CO 

h- 

r^. 

on 

CO 

r- 

CM 

CO 

[  - 

o 

r- 

CO 

OS 

© 

CO 

CO 

CO 

m 

rr 

CO 

CO 

CM 

CO 

CM 

CM 

CO 

- 

CO 

on 

on 

t*- 

on 

^H 

■** 

in 

© 

■■# 

•^ 

CO 

CO 

CO 

t*< 

m 

IO 

in 

CO 

© 

CO 

CO 

^ 

Tf< 

on 

■  - 

OS 

r- 

OS 

T 

TJ< 

m 

CO 

CO 

t- 

t- 

i- 

o 

c 

o 

o 

o 

c> 

© 

o 

o 

m 

ro 

rM 

t^ 

OS 

CM 

m 

CO 

t*- 

© 

co 

CM 

CM 

CO 

CO 

■^ 

■■cH 

m 

m 

>n 

o 

— 

- 

- 

- 

o 

— 

© 

© 

OS 

OS 

CS 

CS 

OS 

os 

OS 

© 

© 

O 

rs 

— 

ic 

»0 

iO 

IQ 

*n 

iq 

m 

in 

CO 

CO 

CO 

CO 

CO 

CO 

CD 

CO 

© 

X- 

r- 

1^- 

r— 

CN 

CM 

CM 

CM 

o 

CN 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

© 

© 

CD 

■* 

Tf 

•*t< 

■<* 

Tt* 

M< 

-^ 

Tf 

•* 

m 

m 

m 

o 

■-- 

in 

m 

CO 

CD 

CO 

© 

© 

■**• 

rf 

f 

"*t* 

■^ 

T* 

m« 

■* 

*cH 

•**« 

TP 

■^ 

•^ 

"^ 

^ 

CO 

© 

CO 

o 

o 

o 

CO 

© 

© 

OS 

CM 

OS 

CM 

— 

CM 

OS 

CM 

CM 

©  ©  ©  ©  ©  ©  © 
>n   ©   ©   ©   ©   ©   © 

H     t-     CM     CM     CO     CO 


.-i^-CMCM-Vm©!--,— 


©    f-i    o    © 


HrtHPlXt^HO 


on 

r^- 

o 

._ 

r~- 

CO 

m 

© 

r^ 

~i 

CO 

CM 

■* 

— i 

in 

^ 

CO 

— 

© 

>— < 

t>. 

© 

-i 

CO 

m 

'■■~. 

m 

© 

CM 

r^- 

© 

m 

M< 

© 

CO 

in 

. 

■ 

m 

X 

CO 

Tp 

00 

cd 

-* 

CO 

© 

© 

OS 

OS 

i>- 

l^* 

I  - 

i  - 

t- 

!>. 

1— 

r- 

t- 

HtOOI'OOi'HO 

i—"  OS  t^' 
CX  -*  © 


©©^HCOr^©r-^-> 

o  i-  n  cc  »  r^  -  ■*  6 

i-i  CM  ci  CO  CO  CO  CO 


CM 

ir 

in 

fN 

m 

CO 

CO 

© 

TH 

CM 

CO 

00 

CO 

rp 

in 

00 

CD 

ro 

1—1 

on 

CO 

CN 

CM 

*■"* 

1-1 

rp 

© 

r- 

r-- 

on 

CO 

K 

i- 

CO 

CO 

on 

CO 

t*J 

CO 

i.'. 

CM 

— ■ 

r- 

i- 

— 

Cfl 

CO 

pg 

CM 

r*- 

-_ 

CO 

CM 

r~- 

^ 

r-. 

CM 

on 

CM 

r^ 

© 

r* 

t-- 

^** 

CM 

CM 

t*- 

CO 

CO 

CO 

CM 

3 

© 

© 

00 

t- 

CM 

© 

^ 

O 

© 

^ 

m 

ns 

CO 

r^t 

en 

' 

© 

© 

CM 

>— ' 

^*" 

CM 

© 

00 

t^ 

«# 

-r 

■* 

^ 

CO 

CO 

CM 

CM 

CM 

■* 

© 

n 

ro 

-■ 

<-> 

r- 

crs 

- 1 

r- 

© 

CM 

© 

r^ 

co 

CM 

© 

m 

** 

CO 

CO 

CM 

CM 

CM 

CM 

O 

© 

*-4 

on 

on 

-, 

rM 

CM 

r- 

OS 

© 

m 

CM 

— 

CO 

CO 

m 

© 

l~ 

1^ 

© 

m 

T 

CO 

CO 

CO 

CO 

CM 

CM 

ro 

CM 

m 

rM 

ro 

ir> 

, 

ro 

© 

CM 

'..- 

CM 

CM 

CM 

CO 

iO 

© 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

-* 

CM 

ro 

Ol 

© 

fM 

m 

h- 

7. 

-^ 

r^ 

h- 

<M 

Tji 

Tj< 

^3* 

lij 

© 

I— 

O 

© 

© 

3 

© 

- 

© 

<n 

© 

— 

© 

© 

', 

-. 

m 

t'- 

I- 

I- 

CS 

o 

CM 

CO 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

© 

- 

— 

— 

- 

~ 

© 

'■■-■ 

O 

m 

m 

m 

i- 

in 

© 

OS 

© 

© 

© 

OS 

OS 

© 

© 

OS 

-. 

as 

ns 

OS 

CI 

CM 

CM 

CM 

d 

CM 

CM 

CM 

CM 

© 

CD 

© 

© 

© 

© 

© 

CO 

CD 

CM 

fN 

CM 

CM 

CM 

rM 

CS 

CM 

r- 

r^ 

© 

© 

© 

OS 

© 

© 

© 

© 

ro 

ro 

eo 

CO 

CC' 

CO 

CO 

-* 

•* 

■* 

^3« 

TP 

TP 

■^ 

-J" 

■* 

© 

© 

© 

© 

© 

© 

© 

o 

© 

© 

CM 

© 

CM 

© 

~l 

© 

C^J 

r-t  t-i  CM  C-i     CO  CO  -T" 


©©©©©©©© 
©©©©©©©O 
©CM^-rT.CMCO'^C^ 


hNiO(DNNSO 


.—   ©©©©mo-rj' 


m 

C5 

OS 

on 

m 

on 

CM 

i>- 

© 

■ 

— ■ 

»n 

CM 

m 

© 

CM 

© 

© 

i«3 

in 

© 

CO 

© 

© 

CM 

CO 

CO 

-P 

t^ 

^ 

r- 

r- 

ft 

CD 

ns 

in 

© 

CO 

co 

in 

ro 

CO 

CM 

CO 

CO 

oo 

CO 

CO 

CO 

/ 

CO 

OO 

co  cm  ©  ©  ©  co   m  © 


NrtaoQooeoo 


© 

CO 

CM 

,_, 

CO 

■- 

on 

© 

© 

^< 

CO 

© 

© 

© 

-# 

00 

en 

CO 

© 

-on 

' 

i-- 

CM 

CM 

1-1 

1-1 

1-1 

r~t 

CM 

m 

m 

ns 

m 

- 

on 

CM 

© 

00 

GO 

fJ 

r>. 

i^. 

GO 

CO 

CO 

00 

m 

CM 

r— 

© 

on 

on 

r^ 

t- 

r- 

r- 

t- 

t>> 

© 

© 

to 

© 

m 

CM 

,^ 

r— 

ro 

CO 

*p 

i- 

c^> 

fN 

© 

fM 

on 

CM 

CO 

GO 

_ 

t- 

r- 

m 

CO 

CI 

CO 

•n 

CO 

CM 

c 

rj 

© 

on 

h- 

CO 

CO 

© 

in 

, 

r- 

rf* 

© 

CJ 

© 

o 

CO 

in 

CO 

ir 

© 

r~ 

o 

in 

TP 

■^ 

CO 

CO 

CO 

CM 

CM 

© 

on 

- 

rr> 

r— 

an 

on 

' 

og 

on 

CM 

r*- 

CM 

CM 

r^ 

•* 

CO 

t- 

© 

m 

^ 

-* 

■^ 

CO 

CO 

© 

cn 

— 

~ 

on 

r- 

on 

CO 

fN 

CO 

on 

co 

m 

CM 

© 

— 

© 

on 

CO 

b- 

© 

■* 

'f 

CO 

co 

CO 

CM 

CM 

CO 

ro 

r*. 

m 

— 

CO 

t-- 

CO 

in 

CM 

■■: 

r- 

— 

CM 

>*• 

© 

on 

Cl 

CO 

CO 

eo 

■^ 

■^P 

■^ 

TT 

<* 

CO 

rr 

1^ 

© 

m 

in 

— 

on 

',' 

© 

rf 

t- 

_ 

CM 

CO 

CO 

Tf* 

■<# 

1-1 

*"' 

CM 

CM 

CM 

CM 

CM 

CM 

N 

© 

o 

O 

O 

— 

ro 

■ 

-i 

m 

in 

in 

i/3 

© 

3 
CM 

CO 
CM 

■* 

■^ 

-V 

- 

^t« 

irH 

© 

■"■■ 

— . 

© 

t~- 

r- 

r- 

t— 

t» 

CO 

CO 

ro 

n-) 

ro 

ro 

in 

uj 

o 

m 

in 

m 

in 

m 

in 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

cc 

cc 

CO 

oo 

00 

GO 

J. 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

cf> 

CD 

.- 

CO 

en 

CO 

to 

CO 

CO 

oo 

/ 

OU 

GO 

on 

/ 

CC 

© 

OS 

© 

© 

OS 

OS 

© 

-s- 

■* 

^ 

-* 

•tf 

-* 

•^ 

Tf 

■* 

© 

© 

© 

© 

© 

c 

© 

© 

© 

© 

CM 

© 

CM 

© 

CM 

© 

CM 

Ol 

©©o©©©o©© 

i^iCOOOOOOO 
^    i-i    CI    CM    CO    CO    -* 


0©30©©0©0 
©    i3    ©    O    ©    ©    <3    ©    © 

^•L  ^  '"I  "^1  °i  ^  ^"1  ^i  in 

o"  m  -h'  o  m*  ci  «  a"  o 
i— .^-CNCN-#-in©r*.-c 


hH 

>» 

> 

T^ 

< 

3 

CJ 

CD 

,z 

E3 

- 

-' 

CD 

~ 

^ 

^^3  05 

OOi. 
0<DO 


S  33 

=  ^-a 

3  3  2 
3~-  ^ 

>  o 

-sea"11 

O  o  °  — 

S.2  25 

pis.-? 


O  u 
vi  w  °  -i-s 

23, 1« 

Sgcg 


■d  -3 

a  a 


a  g  — 
P-o  o  . 

~  —  -<  £ 
oo  a  -a 
o-.  3  a 
w     -* "" 

-2  S 


^ 


M 


-8^ 


— 


•sags? 


a^2£ 
•g.S=a 
t-  oj'a.  ■ 

s  c  a  s 

aS?o| 

S  .9  b"  £ 
« ..S  b 

O   M   0i5 

o  «  g^s 
_ «  gs 

•39 


171 


*a 


^ 


^3 


; 

O 

j^ 

"i5 

%j 

&.0; 

^r- 

S 

K 

so 

S 

^ 

^ 

-c> 

- 

O, 

§ 

3 

~«   <3 


154 


Cs 


c3 


OS 

a 
1-1 
w 

<! 


■!£•<£       w 


Propor- 
tion of 
total 
increase 

c 

r-   t^   ^ 

CO 

GO     O 

0   c   00 

CO 

OS 

OS     O 

Sa- 

cS  .£ 

on 

HOC 

h- 

O    CN 

§  ° 

CO 

t-  r>- 

o 

CN 

Tl"    iC    N 

r^ 

00 

00  00 

'~"( 

I? 

,.. 

O    CN    O 

Q 

"i 

t*    <^:    ^h 

~- 

■^  -^ 

"S  ^ 

M* 

OOO 

CN 

CO 

OS    OS 

U2 

Z 

Q    !D 

00 

O    <~-    (N 

CN 

-1 

CN    CN 

3 

O 

t^ 

N    lO    OO 

m   t^ 

« 

CI       -H      to 

ra 

Tfi 

CO    10 

O 

~  m 

— 

l>    CC'     00 

OS 

r- 

O 

^K 

r-. 

iO 

CO    10 

t- 

t-   i>-  r— 

l>- 

t-- 

t^   r- 

TS 

Tf 

r^  co  ■* 

co 

^ 

0   0 

c 
o 

w  ° 

fN 

r^ 

U7» 

■^   0 

c  5  c  > 

CN 

TP      CO      00 

• 

OS 

OS    O 

.9 

fi*-g     ■ 

a, 

"  •  S  r^  « 

s 

Ol 

0   10   CO 

OS 

CO 

.-1    00 

8*  S  8  8 

C-i  «  o  D..S 

to 

OS     O 

c3 

£ 

1-H       ^H      <N 

CN 

CN 

CN    CO 

. 

C31    "3    O 

CO     O 

°  d 

"3  "2  3t3 
*e  w  d  O 

Hog" 

-S3 

~    CN 

CO 

CO    O    O 
Tf    CO    CD 

OO 

CO 
00 

as    CO' 
CO   -* 

Ph 

CN 

CN     CN     1-1 

1-1 

i-H 

1—1   I— ' 

■—i 

rj*    CO 

C3 

.  r- 

00    ^    -^ 

r- 

M*    O 

%  *** 

r- 

0    >o   CO 

t~ 

0 

■-H      !>. 

O 

^  B 

m 

CO 

cc 

CO    CN 

«j 

CO    CO    O 

CO 

CO 

CO      CO 

C5 

CN     O     CD 

00 

^H     O 

C3 

en 

■s  "> 

00 

CO     CO     CO 

0 

CN 

—1     CN 

q  0 

— 

WHO 

as 

00 

00     t^ 

^ 

^ 

u-> 

X     N'    ■* 

CO    CO 

-    OC 

CO 

CO    ^     N 

00   0 

0 

"3    « 

O     OS     CO 

CO 

CN 

00    OS 

tx 

-5 

C}  M< 

■* 

Tj"     CO     CO 

CO 

CO 

CN    CN 

"a 

•  0 

c 

O 

*o    CO    t^ 

r- 

CO 

I>     CO 

H 

~    10 

N     Ol     ■* 

-^ 

t-H     CO 

Cj  ■* 

tp 

CO    cN    CN 

CN 

CN 

CN     r-i 

w — ' 

,_, 

OS 

co  as 

.  10 

CO    OC'    00 

CO     CN 

s 
5 

CO 

CO     ■*     i-t 
tO    *4*    CO 

CO 

CO 
CN 

0   10 

CO     CN 

CN 

CO 

00    CO    CN 

CO      -H 

O    CO    O 

t-   t— 

5 

0 

q  cn 

CO 

CN     CO     CO 
CO     CO    CO 

00 

CO 

OS 

CO 

a 

0 

CN 

GO     CO'     Ol 

"-> 

CO 

CO       --H 

iO    0 

0 

q  0 

10 

CO     co     b- 

I~- 

r~- 

I-     CO 

.a 

x: 

^ 

O 

0 

OOO 

0 

0 

0  0 

"1 

*S  ** 

Tf 

CO    CO    GO 

0 

CN 

rf      f- 

cca 

q  cn 

CN 

CN    CN    CN 

CO 

CO 

CO    CO 

,^ 

,. 

C3 

— 

-tf 

TJH       ^ 

*o  oc' 

.' 

CO    CO    00 

CO 

CO 

00  00 

C)  d 

OOO 

0 

0  0 

c-> 

UJ 

101010 

'" 

>C    iO 

d 

© 

O 

as 

OS 

as  as 

•  © 

O 

05 

. 

O    OS 

O 

^  « 

»o 

*a 

ira   10 

22 

~ 

q  « 

iC 

10    UJ    10 

■o 

iO 

xc   10 

o 

O 

a 

CO 

00    GO    CO 

00 

00 

00   00 

la 

rg  <m 

CN 

£N     CN     CN 

CN 

CN 

CN    CN 

0 
GO 

^3 

in 

in 

iO     iO 

Tf       ^       -* 

M" 

Tfi     M» 

4= 

0 

O 

O    iO    0 

O 

O 

O     O 

gc 

6  <c 

r— 

CO    t-    CN 

O 

OS     CN 

Sd  O 

a 

^ 

t— 

O 

- 

OOO 

O 

- 

O     O 

«) 

O     O 

.11 

1 

Tf     ■* 

3adO 

c 

1       1       1 

3 

y  « 

-  c 

s  0 

a 

0 

O 

OOO 

O 

O     O 

O 

O     SO 

< 

<~^ 

H     ^     CS 

00 

CN     ,-T 

<-h    CO     CN 

(N 

c^ 

CN    CN     ■* 

iO 

CO 

r-  ^h 

OS    CN    CO 


00    CO    OS    O 


M-    CN    OS    CO    1-1 


CN 

r- 

OS 

r^ 

fN 

CO 

r^ 

on 

CO 

in 

in 

»o 

10 

— 

00 

CO 

CO 

CO 

b" 

OS 

-1 

CN 

Tr* 

— 

'*. 

•  " 

CO 

OS 

■^ 

^ 

•«* 

r- 

t— 

ns 

OS 

-■* 

»o 

f- 

OS 

t^ 

OS 

CO 

as 

00 

OS 

>o 

io 

»c 

*n 

<~ 

IO 

in 

10 

t^ 

r~ 

I-- 

t^ 

i> 

^ 

l~~ 

O    W    i-H    O 


o   ©   *#   r-   cs 


N-fOiCH^iOiOO} 
^©cocoiococooir- 

*nooco»oot--.i-H.-.co 

CO    H    OS    GO    N    CO    CO*    CO"    ^ 

CSNH-HHHHH-! 

t^"*oini— 1  n   10  w   oj 

CSCNiOiOr—    00    »o    CN    -OS 
CRCNND'fHiOiON 

N   o    w   oi   h    i-I    0  6   oi 


CO     CO 


co   cC'    m 


■^ 

~ 

h- 

m 

cp 

r- 

fl-l 

CO 

CO 

■*t* 

CO 

r^ 

© 

CO 

»o 

© 

i~ 

OS 

O0 

© 

co' 

•*r 

^H 

1—1 

© 

CO 

t^ 

1^. 

CO 

1-1 

I 

■* 

3 

■*t* 

^ 

_ 

fM 

CN 

r- 

on 

- 

OS 

•n 

CO 

CO 

m 

L-4 

00 

t"- 

M" 

m* 

•* 

CO 

CO 

CO 

CO 

CN 

!M 

,_, 

on 

in 

OS 

-, 

t^ 

CO 

-1 

rn 

■  1 

^ 

M* 

_ 

1# 

CO 

•"# 

CO 

1— • 

1— * 

GO 

TP 

■* 

CO 

CN 

CN 

CN 

CN 

CN 

1-1 

OCiN^ONMOON 
O    in    o    O    ■-"     i."     X'    r  -    ~ 

cocsncoooccon 

N    «j    ^    ^    M    CO    N    CN    N 


' 

- 

rN 

00 

CN 

rN 

fN 

0 

!-< 

CO 

CO 

00 

00 

© 

S 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CO 

CO 

CO 

r» 

m 

© 

M< 

^ 

GO 

r-- 

CO 

■ 

r^. 

© 

r>- 

r» 

t>- 

00 

CO 

1^- 

CO 

© 

© 

- 

0 

- 

© 

© 

-. 

~ 

© 

© 

fN 

0 

*N 

CO 

■^ 

in 

in 

© 

CN 

CO 

M 

'"H 

1-1 

1-1 

1-1 

CN 

CN 

CN 

CN 

CN 

0 

m 

in 

in 

in 

IT) 

m 

m 

TO 

© 

m 

in 

m 

-n 

in 

in 

in 

in 

m 

© 

OS 

ex 

OS 

ns 

TO 

-CM 

M< 

M* 

Tfi 

M< 

m 

m 

in 

m 

m 

m 

m 

r^- 

r- 

r- 

t^ 

!>. 

t^- 

1^ 

r^ 

m 

iO 

in 

m 

m 

m 

in 

in 

in 

© 

0 

0 

© 

© 

O 

© 

© 

CN 

CN 

S 

OJ 

CJ 

OJ 

fN 

CN 

M< 

Tf< 

M« 

M1 

M< 

Mi 

•^ 

M< 

■^ 

Ml 

M< 

M< 

M< 

Mi 

M1 

** 

M" 

M< 

M1 

Mi 

M- 

© 

in 

© 

m 

© 

C 

O 

© 

© 

©   ©    ©    o   ©    ©    © 


©©©oooooo 

©©©©OO©©     CO 

cO_   CI     1-^   Mi    CN     CO    Tf    CM    0* 

6*  «    ih    CD*   N    W*   «    ©    O 

t-ii-tCNCNMiincor-r-H 


CO 

to 

CN 

CN 

CO 

© 

CO 

M 

© 

00 

r- 

Mi 

© 

en 

© 

m 

00 

© 

_ 

r- 

© 

m 

CO 

© 

© 

O0 

m 

© 

M< 

ns 

on 

to 

i-t 

_ 

-H 

CO 

M* 

in 

in 

in 

m 

,_, 

in 

t~* 

CO 

in 

in 

r*. 

t-~ 

CO 

© 

r^ 

1— 1 

K 

CO 

CN 

© 

CN 

CO 

Mi 

•  -. 

- 

© 

CO 

M' 

in 

<N 

h- 

cO' 

CO 

© 

r-*. 

r- 

CO 

© 

r- 

in 

CO 

Mi 

CO 

on 

n. 

r* 

h- 

r- 

t^ 

t^. 

r» 

t» 

£^- 

r^ 

r- 

1^ 

t- 

00 

© 

OS 

m 

CN 

Mi 

0 

eo 

on 

h- 

CM 

in 

© 

00 

© 

© 

© 

© 

CN 

_ 

, 

r- 

m 

© 

© 

CN 

© 

(n 

Mi 

1^ 

co 

Mi 

m 

m 

to 

CN 

CN 

r- 

Mi 

© 

00 

© 

© 

S3 

CO 

fN 

as 

CO 

CO 

CO 

r. 

© 

CM 

Mi 

m 

CN 

CN 

CN 

CN 

CO 

O 

in 

•Mi' 

TO 

in 

ns 

m 

en 

'- 

CN 

CO 

CO 

© 

© 

CN 

in 

CN 

uO 

Mi 

C_; 

© 

© 

-_ 

© 

CO 

!C 

© 

__ 

rn 

C7S 

in 

Mi 

r- 

to 

in 

N. 

Mi 

Mi 

fN 

m 

r~ 

in 

CO 

Mi 

O 

CO 

CO 

in 

PC 

-1 

© 

S 

© 

© 

CO 

Mi 

ns 

r>- 

© 

h- 

h- 

U3 

© 

© 

r- 

Mi 

CO 

© 

0 

in 

in 

Mi 

M< 

Mi 

Mi 

Mi 

CO 

M1 

in 

© 

fN 

OS 

OS 

fN 

CO 

Mi 

CO 

0 

CO 

m 

CO 

© 

Mi 

Mi 

CO 

CO 

CN 

CN 

CN 

CN 

1-1 

1^ 

CN 

fN 

Mi 

Mi 

© 

r- 

on 

Mi 

m 

1— t 

00 

1— t 

CN 

© 

© 

on 

Mi 

r~ 

in 

in 

Mi 

CO 

CO 

CN 

CN 

CN 

Mi 

- 

on 

r- 

"  i 

r~ 

00 

© 

CO 

t^ 

00 

■£ 

© 

CN 

CN 

CO 

CO 

CO 

CO 

Mi 

M* 

m 

M* 

CO 

on 

1_i 

© 

O 

m 

CO 

CO 

-■' 

Mi 

m 

in 

CO 

f- 

£~ 

t-- 

t- 

t- 

© 

© 

© 

-. 

© 

© 

© 

© 

m 

CN 

CO 

US 

CO 

© 

— 

00 

fN 

CN 

CN 

CN 

CN 

CO 

CO 

CO 

CO 

Mi 

CO 

on 

on 

00 

on 

on 

on 

r- 

t- 

*•*- 

I-- 

t-- 

t-- 

*■- 

t- 

t^ 

h- 

r-- 

h- 

Mi 

M* 

M< 

Mi 

M< 

Mi 

Mi 

Mi 

Mi 

CN 

CN 

CN 

<N 

CN 

fN 

., 

fN 

CN 

Mi 

Mi 

Mi 

— 

Mi 

Mi 

Mi 

Mi 

I- 

r- 

r» 

Is" 

l> 

l~- 

t-- 

t^ 

t- 

in 

m 

in 

m 

m 

iC 

m 

in 

m 

© 

en 

CO 

CO 

en 

CO 

CO 

CO 

to 

fN 

CN 

fN 

© 

_ 

© 

O 

_ 

© 

© 

C: 

© 

(CN 

0^ 

fN 

fN 

fN 

ng 

CN 

Mi 

M* 

M* 

M* 

Mi 

Mi 

Mi 

© 

m 

© 

in 

© 

© 

O 

© 

O 

f- 

CN 

© 

fN 

© 

CN 

O 

© 

© 

- 

© 

— 

© 

© 

© 

00 

■■ 

© 

© 

Mi 

Mi 

©' 

©' 

© 

© 

d 

© 

<-* 

d 

© 

© 

O 

0 

© 

O 

O 

;: 

CO 

01 

M" 

m 

fN 

CN 

CN 

M* 

in 

© 

t- 

172 


O  eo"  ©"  — <  ©  t;   co*   — '   © 


©    O   O    00   t-  o 


_ 

,. 

m 

, 

Tf 

OS 

00 

(M 

r 

no 

© 

CO 

CM 

m 

© 

_ 

oo 

= 

n 

r-i 

:- 

K 

Tf 

m 

, 

en 

■  i 

OS 

CM 

r>- 

© 

~ 

/ 

00 

© 

ns 

os 

Cs 

rn 

os 

on 

00 

r- 

00 

Is- 

l*'- 

t» 

r~- 

Is- 

i*-. 

Is- 

m    CD    ©    Ol    cD    © 


©    iO    OO    — < 


o 

- 

,- 

r^ 

on 

rn 

OS 

CM 

CD 

SI 

52 

Q0 

m 

CO 

en 

>— < 

30 

00 

CO 

m 

OS 

eO 

»n 

Cd 

cn 

~ 

o 

o 

~ 

OS 

CM 

CN 

CN 

CN 

Tf 

Is- 

CO 

on 

Tf 

/ 

•v 

r-- 

iC 

in 

o 

CO 

tr 

t> 

© 

Ci^ 

CI_J 

eo 

CO 

CO 

CO 

CO 

rr- 

m 

o 

CM 

© 

o 

•-1 

>— < 

OS 

«3 

r— 

in 

CO 

Is- 

CO 

CO 

CN 

OS 

OS 

CO 

on 

Is- 

00 

r- 

CN 

CN 

Is- 

© 

- 

55 
oo 

t- 

_ 

Is- 

Tf 

os 

00 

"* 

"* 

Tf 

Tf 

CO 

CO 

CO 

CN 

CN 

o 

-i 

CO 

_ 

.- 

^ 

on 

OS 

»c 

iO 

.   ! 

on 

Cn 

US 

in 

CO 

CM 

m 

Tf 

Tf 

" 

cn 

CN 

CN 

CN 

CM 

OO 

.. 

n~ 

CM 

r- 

Tf 

m 

on 

CO 

m 

/ 

o 

m 

t- 

CD 

Tf 

CO 

CO 

N 

CO 

CM 

00 

OS 

.- 

© 

en 

OS 

Tf 

m 

CM 

T— 

CO 

00 

»— 1 

_ 

Tf 

Is- 

© 

CO 

CO 

CO 

Tf 

in 

in 

»n 

CD 

CO 

00 

CD 

CO 

- 

rn 

ns 

CO 

CO 

m 

r- 

Is- 

r- 

t— 

r~ 

o 

CD 

o 

S 

- 

l<3 

CO 

1**^ 

co 

■i 

Is- 

U-> 

CM 

m 

CO 

Is- 

o 

CO 

i^ 

cn 

CM 

" 

Tf 

** 

in 

in 

in 

o 

o 

- 

r 

o 

o 

CM 

CN 

<N 

CN 

I'M 

CM 

<N 

CN 

iO 

m 

in 

■n 

in 

»n 

m 

m 

o 

n 

iO 

m 

iC 

iO 

in 

in 

m 

in. 

CO 

CO 

en 

CD 

._ 

,_ 

CO 

oo 

00 

00 

OO 

00 

X 

oo 

CO 

•o 

IO 

m 

*° 

m 

m 

in 

m 

m 

Tf 

Tf 

Tf 

Tf 

Tf 

f 

Tf 

-r 

»o 

m 

in 

■  " 

'-■ 

in 

ec 

CO 

CO 

Tf 

Tf 

-f 

Tf 

Tf 

Tf 

Tf 

Tf 

Tf 

Tf 

Tf 

Tf 

o 

iO 

o 

»n 

o 

O 

o 

o 

o 

(O    N    «    N    Cl    o    M    a    w 


oococoooo 

O    O    CD     3    O    O    O    ©    CO 
CC_    CM_    w     tt     CM     CO     ■*     CM_    ,^" 

©"  co"  — "  cc*  cT  of 
i— i  ri  cn  cm  m"  »n 


— <  co  in  ©  os  on  co 
co"  od  i^  cd  in  "^  cm 
cm  m  co  oo  on  os  © 


o  -h"  -'  -!  M  w  m  6  6 


t-  on  o  © 


o 

OS 

on 

m 

CM 

co 

CD 

>— ' 

*. 

o 

in 

CO 

00 

r^ 

o 

ro 

:: 

t~ 

■ ". 

© 

tc 

© 

o 

co 

Tf 

i-» 

TT 

© 

CO 

CN 

© 

I-- 

■* 

CO 

r-> 

© 

- 

O 

rrs 

on 

CO 

on 

/ 

t^- 

t-- 

r- 

t- 

t^ 

ooocomcot--rf© 


inin©i— '■—<■— i©r- 


© 

on 

m 

CO 

r- 

_ 

CO 

OS 

/ 

on 

co 

"- 

CM 

oo 

© 

© 

CN 

O0 

en 

CO 

o 

CM 

CM 

CN 

CM 

CM 

_, 

O 

,„ 

r*. 

© 

h- 

r- 

o 

-f 

L-J 

r— 

00 

© 

_ 

CN 

CN 

- 

f^- 

CO 

Tf 

r- 

t- 

© 

© 

© 

© 

© 

., 

tj* 

_ 

© 

© 

CM 

CM 

CN 

CM 

© 

i  - 

Tf 

M 

a 

3 

© 

© 

00 

on 

CD 

o 

,_, 

CO 

m 

CM 

CO 

rn 

" 

■  - 

■~~ 

r- 

Tf 

CN 

© 

© 

^ 

Tf 

Tf 

Tf 

CO 

CO 

CO 

CN 

CM 

on 

© 

© 

CM 

fr- 

r^ 

CN 

Tf 

r- 

o 

t-- 

fr- 

CO 

in 

in 

Tf 

co 

CO 

eo 

CM 

CM 

CM 

m 

CO 

on 

U"> 

CO 

as 

T*> 

/ 

in 

m 

r- 

i^ 

CM 

iO 

© 

oo 

**■ 

Tf 

in 

CO 

CO 

CO 

CO 

CM 

OS 

CO 

OS 

m 

in 

,-. 

<N 

«-" 

CN 

Cm 

cU 

t^- 

00 

© 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

Tf 

© 

on 

© 

in 

m 

in 

o 

CM 

r^- 

CO 

CO 

Tf 

»o 

Tf 

© 

© 

Is- 

© 

o 

© 

— 

© 

© 

~ 

CO 

on 

r- 

!>• 

r- 

OS 

© 

CN 

CN 

CM 

eM 

CM 

CN 

CO 

CO 

CO 

co 

'." 

■r 

up 

00 

CO 

00 

© 

© 

© 

© 

© 

© 

ns 

© 

© 

Tf 

Tf 

Tf 

Tf 

Tf 

© 

© 

rn 

© 

© 

m 

© 

© 

© 

Of) 

GO 

00 

00 

CO 

00 

oo 

UU 

oo 

00 

in 

in 

in 

m 

m 

m 

m 

m 

in 

CM 

<N 

rN 

CM 

rN 

fM 

IN 

iN 

t^ 

r- 

r- 

r- 

Is- 

r- 

r- 

© 

Ci 

© 

© 

OS 

© 

© 

© 

© 

CO 

CO 

CO 

CO 

CO 

m 

CO 

ro 

Tf 

Tf 

-r 

Tf 

© 

in 

© 

in 

© 

o 

© 

© 

© 

CN     I-     CN     O     CM     ©     CM 


i-h     »-H     CM     CM     Tf 


O    ©    © 

o   o   © 

to    N    H 


o    ©    ©    © 
o    ©    ©    © 


CM     OO    CO     i-t    CO     t-    O 


00    ©    ©    © 


©incOTfo©©cN 
O   6   oi    co   od    s   n   n   ec 


m 

3 

CO 

T. 

hr 

Tf 

© 

© 

m 

Tf 

© 

o 

pH 

r-- 

CO 

— 

Tf 

•o 

_^ 

© 

CD 

CM 

00 

CO 

© 

Tf 

© 

00 

CM 

CM 

O 

© 

in  Tf  co   i-  ©   Is-   ©  © 


CNm©Tfini— ioios 
o  N  n  h  o>  a'  n"  m  cd 

H    N    CI    CI    CC    CO    CO 


__, 

^ 

<N 

m 

<N 

CM 

© 

© 

■_< 

CO 

Is- 

CD 

CD 

CJJ 

© 

CN 

CN 

CM 

CM 

© 

,__, 

,_ 

,_ 

© 

(N 

Is- 

CM 

OO 

00 

US 

© 

in 

in 

in 

in 

fN 

r- 

Is- 

Is- 

Is- 

Is- 

© 

© 

© 

CD 

oo 

Tf 

% 

Is- 

h- 

■^ 

s 

on 

CM 

crs 

© 

© 

CO 

— 

b- 

00 

CO 

© 

CO 

8 

33 

Tf 

CM 

c 

© 

© 

© 

Tf 

Tf 

o 

© 

._ 

. 

Tf 

© 

en 

Is- 

rn 

© 

Is- 

oo 

in 

eo 

Oi 

© 

Tf 

Tf 

Tf 

Tf 

CO 

CO 

CO 

CN 

CM 

OS 

© 

,^ 

8, 

CM 

as 

CM 

CO 

in 

m 

on 

CO 

CM 

■o 

CO 

b- 

© 

m 

Tf 

Tf 

Tf 

Tf 

CO 

© 

© 

pH 

<N 

CM 

on 

© 

Tf 

Is- 

-'• 

CM 

Is- 

© 

CO 

on 

fr- 

© 

ItJ 

m 

— 

CO 

OO 

00 

CD 

Tf 

Tf 

CO 

CO 

CO 

CO 

CM 

Tf 

CO 

on 

CO 

CO 

CM 

CM 

, . 

© 

a!) 

CO 

Is- 

CO 

© 

•—< 

in 

© 

O 

CJ 

Tf 

m 

00 

CN 

CO 

CO 

CO 

Tf 

Tf 

Tf 

Tf 

Tf 

-f 

... 

on 

CD 

CM 

<N 

Is- 

Tf 

CO 

CO 

© 

o 

© 

CO 

Tf 

Tf 

Tf 

1-1 

1-1 

CM 

CM 

CM 

CM 

CN 

CN 

CM    - 

© 

© 

© 

- 

O 

O 

■:. 

-  i 

"i 

in 

in 

m 

in 

© 

CN 

CM 

« 

Tf 

Tf 

Tf 

Tf 

Tf 

OS 

© 

© 

© 

© 

rn 

rn 

© 

CN 

CM 

CM 

CM 

CO 

CO 

CO 

m 

in 

m 

m 

in 

in 

in 

in 

m 

oo 

on 

on 

on 

on 

CM 

IN 

CM 

-i 

Tf 

Tf 

Tf 

Tf 

Tf 

Tf 

Tf 

Tf 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

© 

CO 

fO 

en 

.- 

CD 

CO 

CO 

00 

00 

00 

GO 

00 

00 

© 

© 

© 

ns 

© 

rn 

Tf 

Tf 

Tf 

Tf 

Tf 

Tf 

Tf 

Tf 

Tf 

© 

in 

© 

m 

o 

o 

© 

© 

© 

CN     ©     CN     ©     CN 


H      H      CI      CI 


©  ©  ©  o  o 
©    o   ©   ©   © 


Tf    CM     00    Tf 


--•73 
_  o 

C3   C 

Bi- 


ts >, 

o  5 

•is 


d 
o 

c  -- 

- 

c*d 

c3 

a 

p 

c3 

75 

q 

-' 

P 
OS 

- 

7- 

- 

CL 

cfl 

fl 

0) 

<u 

- 

p 

<is 

o 

- 

T- 

<p 

= 

-.-■ 

[a 

3 

-t 

o 

p 

P 

pqco 

s 

- 

2 

fn 

rn 

u 

(1^ 

TjirJ 

p 

OS 

■- 

3 

s 

fl 

5 

eo 

■* 

" 

Oil  bL 

gc-J 
.  ft 


CO 

- 

r 

— 

- 

— 
P 

T3 

oj 

-^: 

^ 

■a 

00 

© 

tr 

r. 

QJ 

" 

_ 

- 

~ 

o 

■d 

~ 

tS 

^ 

— 

GJ 

<D 

CU 

ui 

XJ 

rn 

-— 

— 

d 

c3 

^ 

cu 

tp 

H 

d 

CU 

a 

D 

dTJ 

OJ 

a 

o 

S 

o 

r 

= 

CU 

/ 

3 

> 

3 

-■ 

'-> 

a 

TD"d 

w  d 

a 
- 

< 

BC     .3 
03-^—  O 

a  .  '35 

a—-  d 
-«  dT.  S 

*-■  p  c  - 


173 


*o    Ci 

rn 

■* 

— ' 

~f 

c3 

v 

OS 

OO 

on 

w> 

OO 

e  ,_| 

r- 

»o 

1-1 

1-1 

1-1 

1-1 

1-1 

e< 

Miscel- 
laneous 

mill 

ex- 
pense 

■*+* 

-r 

•^ 

Tf 

Tf< 

-* 

*v 

■^ 

a 

rf 

■M* 

CO 

■* 

Tf 

^ 

S° 

CM 

CM 

OS 

Cs 

Ci 

CM 

03 

a 
>> 

.O 

Press 
cloth 
and 
mend- 
ing 

o     ! 
0     J 

o 
as 

© 

O 

© 

© 

•d 

■S 

t!  o 

O 

O 

O 

-  ] 

«    CN 

eg 

00 

' 

§° 

CO 

f 

TP 

; 

in 

iO 

in 

o 

© 

© 

o 

© 

r~ 

»n 

m 

£° 

CD 

00 

00 

CM 

CM 

CM 

CM 

q° 

£  ?~ 

r- 

r- 

h- 

i^ 

r- 

r— 

r- 

r- 

c  o 

) 

o 

o 

o 

© 

© 

© 

CM 

J3 

E-1 

S"3 

m 

in 

»o 

m 

m 

in 

lO 

iO 

e  <>« 

CM 

CM 

CM 

CM 

fM 

CM 

CM 

CM 

3 

— 

CO 

CO 

CO 

CO 

CO 

IM 

CM 

a 

CM 

CM 

CM 

CM 

o 

5  o 

H 

C) 

-1 

CM 

rj 

CM 

O 

CM 

CM 

CM 

CM 

CM 

CM 

S3 

>> 
J3 

S° 

3 

>d 

o 

CJ 

'  w 

*°     i* 

~t< 

M< 

•■# 

tl* 

o 
o 

a  f 

-tf 

■* 

^t* 

■^ 

_H 

■^ 

"- 

■^ 

0J 

IB 

ta-2 
to  Jg 

S" 

CO 
CN 

CO 

CO 

CO 

CO 

CO 

CO 

<! 

o 

a 

o 

•tfg 

£  o 

© 

o 

o 

o 

© 

© 

© 
— 

© 

+J 

CO  .a 

$« 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

£    CM 

(N 

CM 

CM 

CM 

os 

OS 

OS 

o 

q$ 

r- 

t- 

t- 

t- 

t^- 

t^- 

r^ 

&H 

N. 

r- 

h- 

h- 

t-- 

h- 

r- 

<* 

■^ 

■* 

■* 

£  o 

O 

o 

o 

o 

© 

© 

— 

© 

lib] 

[Till 

and 

Iran 
ing 

in 

*n 

m 

in 

in 

>n 

a 

o 

o 

© 

O 

© 

© 

3 

►3  w       « 

O 

o 

£  r- 

[^_ 

t^ 

r— 

r^ 

h- 

r,_ 

^ 

,, 

o 

O   £ 

OS 

m 

OS 

OS 

OS 

OS 

OS 

O 

o 

_ 

© 

C 

© 

o 

cq  a"",5 

3 

q° 

£  o 

o 

o 

o 

o 

© 

o 

~ 

ui 

iq 

in 

m 

in 

in 

m 

a 

^  a 

C| 

o 

t* 

.agSg 

- 

© 

CD 

OS 

- 

OS 

~. 

OS 

>> 

£s   01 

CM 

CI 

<M 

CM 

CM 

CM 

CM 

Ci 

q° 

>. 

J  ■-     o. 

t3 

u 

.- 

CD 

m 

© 

Linte 
bag- 
ging 
and 
ties 

-S    CO 

m 

CO 

m 

CO 

CO 

CO 

in 

CO 

in 

CO 

m 

s° 

cC 

c3 

w 

e  o 

o 

o 

o 

© 

© 

o  o 

i 

s£ 

p—    -^ 

-r 

■^ 

"^ 

•<** 

-* 

■<*< 

-^ 

03  3 

q° 

.Q 

T3^*  w 

5  oo 

on 

00 

on 

00 

00 

«  ^ 

■"1* 

rlfl    CM 

w  ,  m 

5  « 

in 

m 

in 

in 

in 

m 

■* 

■* 

-* 

r*1 

-* 

■* 

■^ 

5     « 

•S  ° 

O 

CD 

00 

CD 

■^ 

c 

© 

© 

fl  o  £ 

"g  cm 

CD 

OS 

Tj* 

OS 

CO 

CM 

CO 

© 

|§ 

^         m 

Seed 
crushed 
per  24 
hours 

2  ■# 

B 

o 

© 

© 

OO 

c 

in 

1^ 

"* 

CD 

00 

£ 

S 

4J     ! 

o    ^ 

CM 

CD        ' 

CM 

CO      CO 

* 

^         uO 

* 

1 

a>    « 

8  « 

~ 

&      S 

0 

Cm 

C3    D- 

1/ 

5 

a 

&Ph 

Ph 

^    ^ 

'^ 

!S« 

CO 

-5  "* 

CD 

00 

CJ 

D3 

>> 

(5 

P 

W 

OS    OS    00 

m   m   >— i 


OO 

00    © 

CM     CM     CM 

CM    CM 

© 

© 
© 

©   © 

CD    © 

CD    ©    © 

OS    © 

©    CD 

in 

in  m 

*n  in  in 

m  m 

CD     ©     © 


_:    —     - 

CM     CI     CM 
CM     CM     CM 


© 

CO     CO     CO 

CO     CO     CO 

CO     CO 

CM     CI     CM 

CM     CM     CM 

CM    CN 

© 

CM     CM     CM 

ci   cm'   CM* 


©  © 
OO  OO 
CM     CM 


©     ©     © 


r-   r^-   t- 


cm    cm    ci 
i>   r-  r- 


r-    i~-    i-- 


©  ©  o 


©  ©  © 
©   o   © 


t^    r-    r^ 

cs    os    © 
©    ©   © 


t^  r^   i^ 

©    ©   os 
©   ©   © 


© 

~ - 

© 

o 

<r> 

in 

m 

in 

m 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

© 

© 

© 

33 

© 

CM 

CM 

CM 

CM 

CJ 

CM 

CM 

© 

CD     ©    © 

m   m   m 

CO     CO     CO 


©    CD    © 

in   *o   m 

CO     CO     CO 


oo  oo   oo 

•*     -rj<     ■* 

CM    CM    CI 


00    CO    oo 
CM     CM     CM 


m 

■* 

TP 

■* 

in 

-** 

~ 

o 

m 

o 

© 

© 

© 

in 

CM 

© 

t* 

CM 

00 

© 

o 

t^. 

^  ^i    <d 


u.    d    t-    *- 
p4   ci    &   C- 


o> 

OS 

o> 

•* 

-* 

-#      TtH 

Of) 

© 

OO 

00 

OO    00 

oo 

^ 

-5t< 

Tt< 

TH 

■^ 

Tf  ^ 

-# 

CM 

CN 

© 

CM    CM 

CM 

© 

1 

©    © 

© 

-.    © 

OS 

! 

© 

o 

; 

(M 

CM 

CO 

CO 

■* 

© 

1 

! 

m 

in 

CM 

in 

© 

© 

©    © 

© 

© 

CO 

oo 

CM 

Ci 

CM    iM 

CM 

o 

(M 

CM 

<M 

C5 

(M 

CM    CM 

£N 

■    ^ 

■ 

© 

© 

OS 

©    © 

© 

© 

O 

© 

© 

O 

o   © 

© 

<n 

IO 

'- 

»n 

in 

in   in 

m 

in 

m 

in 

m 

m 

m   in 

m 

-_ 

-_■ 

© 

© 

.— .    — . 

o 

CM 

CM 

CJ 

CM 

CM     CJ 

CM 

o 

CN 

CM 

CM 

CM 

CI 

CM     CM 

CI 

© 

_-■ 

-. 

© 

© 

©     © 

© 

O 

iffl 

in 

in 

m 

in   in 

m 

OS 

© 

o 

C 

O 

© 

© 

©   © 

o 

CM 

CM 

CM 

CN 

C* 

(M    CM 

CM 

o 

O 

© 

© 

©    © 

© 

o 

" 

: : 

o 

<Z) 

©    © 

© 

CD 

© 

© 

CD 

CD 

CD    CD 

CD 

CM 

CM 

CM 

CM 

CM 

CM    N 

CN 

CM 

CN 

rM 

CM 

CM    CM 

CM 

CIS 

OS 

OS 

OS     OS 

© 

o 

t^ 

t-- 

t>- 

r^ 

r^ 

r-   t^ 

t- 

r^ 

l>- 

■rr* 

■^ 

Tt< 

■* 

^ 

•*t<   -* 

■* 

H 
o 

o 

© 

© 

© 

©   m 

© 

m    m 

© 

© 

© 

© 

© 

©    © 

© 

CM 

© 

w 

r. 

^ 

en   © 

r> 

~ 

c 

- 

© 

© 

©   © 

© 

« 

© 

n 

j 

O 

— 

~ 

© 

© 

©   © 

© 

<i 

CO 

CO 

CO 

CO 

C°, 

CO     CO 

CO 

0 

^ 

^ 

<l 

~. 

- 

T 

CT 

OS 

33      © 

© 

CM 

CM 

CM 

CM 

CM 

<N    CM 

CM 

o 

© 

CD 

CO     CD 

© 

in 

m 

m 

m 

in 

m   m 

»n 

CO 

CO 

CO 

CO 

CO 

CO    CO 

CO 

~- 

© 

o 

© 

© 

© 

©   © 

© 

O 

c~. 

© 

o 

© 

©   © 

© 

■*T* 

-H 

■<* 

-* 

-* 

-*    Tf 

•n' 

o 

on 

00 

OO 

— 

CM 

1M 

CM 

CM 

CM 

CM    CM 

m   m 

CM 

~~ 

-* 

■^ 

** 

"* 

-*t   -^ 

-* 

© 

© 

© 

CD 

I>. 

o   © 

© 

CM 

cp 

© 

© 

t- 

CM     © 

00 

© 

O    © 

© 

OO 

~ 

O 

CO     © 

CM 

a 

3d 

^ 

Ph 

a 

> 

d 

* 
d 

o 

CM 

CO 

> 

CD      CO 

to     ^ 

CO      C 

s 

s 

o, 

te 

M  © 

00    i-t 

CM 

f-, 

>. 

Ph 

0 

00 

w 

174 


M< 

m> 

© 

OS 

00 

CO    OO 

on 

CO 

iO 

iC 

3 

M<      M< 

M* 

CO    CO 

M< 

3 

CM 

OS    OS 

O 

© 

as 

OS 

© 

o 

' 

on 

CM 

Tf 

m» 

o 

in 

— 

o 

r- 

h- 

CM 

m   m 

m 

in 

00 

00 

© 

CM     CM 

CM 

o 

CM     CM 

-i 

CM 

c 

c 

o 

o  o 

c- 

© 

in 

in 

m 

in  in 

m 

m 

CM    <M 

rN 

© 

- 

OS 

OS    Cs 

OS 

cs 

© 

o 

- 

o 

o  o 

© 

© 

j. 

/ 

50 

CO     CO 

/ 

00 

© 

as 

OS 

CS    OS 

OS 

r^ 

r-   r^ 

_. 

© 

os 

os   os 

?. 

c 

o 

o 

o  o 

© 

© 

i  - 

r-- 

t- 

r^   t*- 

\-~ 

l^- 

© 

eo 

© 

©    © 

© 

© 

CM 

CM 

CM 

CM     CM 

Cl 

C1 

fN 

'N 

CM 

'N 

- 

OS     OS 

o 

OS 

r- 

r-   i- 

1^ 

r- 

r*- 

t*- 

m< 

M- 

tH 

M<   m< 

m< 

o 

o 

O 

_ 

— 

o 

o  o 

© 

o 

o 

r- 

r— 

r~ 

t_ 

os 

Cs 

os   os 

OS 

CS 

o 

_ 

O 

o  o 

— 

© 

o 

o 

— 

o 

o   © 

— 

© 

m 

in 

m 

CO 

CO 

CO 

CO     CO 

CO 

- 

©   ca 

CM 

CM 

CM     CM 

c-i 

o 

in 

O 

© 

to  © 

in   m 

© 

© 
m 

:" 

CO 

CO 

CO     CO 

CO 

CO 

o 

- 

~. 

o 

— 

o 

© 

o 

o 

o   o 

© 

M< 

■Ml 

-rfl     -rf 

M* 

o 

or> 

GO 

CO 

CO     CO 

00 

00 

CM 

CM 

CM    CM 

CM 

in 

m   >n 

M< 

M* 

^ 

M<   m< 

M< 

■* 

O 

O 

IO 

o    CO 

© 

© 

cm 

© 

t- 

Cl    © 

CM 

© 

o 

o 

o 

©   m 

o 

© 

-. 

a 

©     Cl 

CM 

CO 

a 

Ph 

.rj 

c 

CM 

CO 

>   .. 

o     ft 

»'     ! 

• 

01 

"© 

w     © 

ffl 

CI 
- 

5 

cj 

- 

s 

m<    m 

a 

© 

C4 

0 

Ph  x 

K 

OS    OS 
0O    OS 

i-t   in 


CO    CO  00    CO    CO 


CO    CO  M*     Ml     H« 

OS    OS  CM     CN     CM 


m   in 

© 

© 

^ 

CM    r- 

•  ■: 

©    CO 

CM 

CM 

CM 

ri 

CM 

© 

M/  M< 

M< 

M< 

M< 

00    OO 

CO 

00 

00 

00 

OO 

M<   M< 

Tf 

M< 

•^ 

•■# 

M< 

t-   r- 

in   m 

m 

m 

■-.■ 

iQ 

in 

© 

r-   r- 

t^ 

t» 

r- 

r  - 

r- 

<*    h- 

m* 

m« 

■* 

mj 

© 

©   © 

o 

© 

© 

© 

GO 

©   © 

© 

CO 

CO 

© 

© 

©  © 

© 

O 

— 

os   os 

CO    00 

'. 

00 

*. 

CO 

GO 

CM    CM 

CM 

CM 

CM 

CM 

CM 

CM    CM 

CM 

CM 

., 

©   as 

- 

OS 

© 

© 

© 

r- 

t^ 

t-   i^ 

r- 

t- 

t^ 

m*   m« 

^ 

M* 

-fl< 

Tj< 

th 

o  o 

© 

c 

© 

o 

»n 

m 

in 

m 

©  © 

© 

- 

c 

c 

o 

© 

r^   r- 

h- 

r~ 

i^- 

h* 

r^ 

. 

© 

as 

■   - 

OS 

©   o 

© 

_ 

o 

© 

© 

© 

©   © 

o 

m   «n 

ro    CO 

CO 

CO 

CO 

OS    cs 

~. 

CM     Cl 

CM 

CM 

CM 

Cl 

o 

©    CO   • 

© 

© 

© 

CO 

m   in 

CO    CO 

CO 

CO 

CO 

CO 

© 

©  © 

© 

©  o 

— 

o 

— ■ 

© 

M*     M< 

M< 

■^ 

-# 

TP 

■^ 

© 

CO 

, 

M*    M< 

M> 

CM    CM 

c-i 

CM 

CM 

CM 

CM 

m   m 

m 

»n 

m 

m 

in 

Tj*     TJ4 

M< 

■^ 

rp 

Mi 

■* 

©   © 

© 

CO 

O 

i^- 

o 

CM    OS 

tJ, 

rs 

CM 

oo 

OO 

~     -„      ^    —     u.     —     -~ 

at  ^  s  ftac 

h     "  „    S   O   •*   ■«" 


OS 


©         © 

©     CO 

m   ,-< 


CO     CO 

©     ©  CM     CM     Cl 


©     ©     © 

©     ©     © 


m 

W 

o 

© 

CM 

»n 

© 

X.-1 

CS 

CM 

CM 

CM 

© 

© 

!C 

to 

CO 

'- 

■",- 

CO 

00 

CO 

00 

OO 

00 

-f 

•* 

TP 

-tf 

^ 

-r 

* 

r-i. 

r- 

K 

CO 

CO 

« 

CO 

K 

TO 

CO 

© 

© 

OS 

© 

cs. 

OS 

OS 

CM 

iM 

-i 

■7  1 

N 

CM 

© 

•n 

..-, 

in 

in 

m 

■■■■. 

m 

m 

■  ■: 

U3 

in 

io 

ic 

iO 

© 

© 

OO 

OO 

00 

CO 

00 

© 

© 

© 

o 

© 

C 

© 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

Cl 

CM 

CM 

CM 

CM 

rM 

OS 

- 

t- 

•^ 

t^ 

t^ 

I~- 

1*- 

t-- 

r^. 

f— 

r- 

t- 

■^ 

■■# 

^ 

■"J1 

■* 

■f 

** 

© 

© 

© 

o 
in 

c 
in 

o 

© 

© 

© 

© 

~ 

© 

- 

© 

© 

t^ 

© 

© 

© 

OS 

© 

© 

© 

© 

© 

_- 

o 

© 

© 

o 

© 

© 

© 

© 

o 

in 

in 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

OS 

OS 

CM 

CM 

CM 

CM 

(.-1 

© 

© 

© 

© 

m 

in 

m 

in 

m 

m 

CO 

CO 

CO 

CO 

© 

^ 

© 

o 

© 

© 

o 

n 

© 

© 

— 

-^ 

•^ 

^ 

M* 

•*? 

m* 

-f 

© 

CO 

OO 

CO 

00 

GO 

on 

00 

<* 

M 

CM 

CM 

CM 

CM 

CM 

Cl 

m 

in 

m 

m 

■* 

■^ 

•^ 

■^ 

^ 

M* 

-* 

© 

© 

© 

© 

© 

© 

© 

CM 

O 

CM 

OS 

CM 

3 

© 

—     ■>- 


i5  £  £ 


© 

■-1< 

M- 

H- 

~- 

no 

OO 

00 

l-< 

in 

»n 

i-* 

— 

'-, 

1-1 

*"• 

1-1 

rH 

^ 

1-1 

•* 

^ 

^ 

Tf 

^ 

M< 

CO 

CM 

Cl 

OS 

© 

CM 

© 

1 

© 
© 
© 

© 

© 

© 

© 

; 

CM 

CO 

-f 

-p 

' 

© 

[ 

m 

m 

m 

CM 

r-- 

*n 

© 

y 

CM 

CM 

CM 

© 

in 

m 

m 

in 

m 

m 

■i 

IN 

CM 

Cl 

CO 

DC 

CO 

CO 

00 

OO 

* 

Tfi 

M* 

T 

~p 

"* 

© 

© 

OS 

© 

es 

© 

© 

CO 

CD 

© 

© 

© 

© 

© 

© 

© 

GO 

* 

CO 

cr, 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

^ 

•^ 

H 

^ 

-• 

rH 

© 

c 

© 

© 

ra 

© 

CM 

CM 

Cl 

CM 

CM 

CM 

CO 

CO 

ro 

CO 

CO 

CO 

Cl 

CM 

Cl 

■-■) 

cq 

^ 

t~- 

r- 

c^ 

b- 

t^ 

b- 

t^ 

■* 

TP 

■* 

M* 

M< 

M* 

© 

CO 

..- 

© 

o 

© 

© 

c 

© 

© 

t-- 

h- 

In. 

r^ 

t^ 

... 

© 

© 

■■  - 

o 

© 

© 

© 

o 

© 

© 

n 

m 

'. 

CO 

CO 

CO 

CO 

CO 

CO 

M 

1-1 

rH 

1-1 

rH 

w 

r_i 

OS 

- 

© 

— 

CM 

CM 

CM 

:• 

CM 

© 

CO 

CO 

m 

'. 

O 

ro 

CO 

CO 

CO 

© 

© 

o 

© 

© 

© 

— . 

— 

rj- 

M< 

-* 

Ml 

M< 

© 

00 

CO 

CO 

OO 

on 

Si 

Tp 

CM 

Tp 

CM 

CM 

CN 

gj 

in 

in 

in 

in 

m 

Mi 

-* 

-* 

M< 

M< 

M< 

© 

© 

CM 

m 

© 

© 

Cl 

OS 

r^ 

^_, 

© 

CM 

© 

© 

© 

■— ■ 

-* 

m 

M 

CM 

CO 

CM 

M< 

9 

#' 

Ph 

CO 

c  •• 

*'    "/ 

* 

CM 

o    > 

CJ 

^-i     cu 

cy 

C3 

s  a 

tt 

_ 

3 

~ 

5  & 

C 

CM 

T) 

fi  i5 

>> 

w 

175 


m< 

■* 

£  a  a> 

CC 

CO 

on 

on 

CO 

.2 

g  »o  o 

«-* 

>-H 

•— 

*-* 

— 

o 

U 

o 

— 

C) 

rS  3            a. 

=o    ^     TJ* 

■* 

— 

^ 

■^ 

■** 

H 

1 81 A  3 

•2    CM    CM 

CM 

O) 

CO 

OS 

s 

CM 

CM 

*o 

g|a°a 

o  o 

a, 

>> 
>> 

Press 
cloth 
and 
mend- 
ing 

^    :    : 

— 

O 
O 

O 
OS 

o 

OS 

■O 

?  ©  © 
,2  ■<**  "* 

o 

CM 

o 

i3 

H13 

s° 

b  t~  t- 

^    CjO    00 

iO 

o 

— 

©„ 

£5 

•n 

»o 

«o 

CM 

CM 

CM 

o  o 

d 

"3 

^    00    00 

iO 

o 

00 

CO 

CO 

CO 

CO 

CO 

a 

H 

C) 

"^ 

rf 

«-- 

*    CO     GO 

b  ca  os 

►2  o  o 

CO 

CO 

3      1             g'S-S 

1.                    C3  3  3 

© 

Ol 

OS 

CTS 

OS 

o 

C3 

o 

O 

- 

o 

o           >  os  3 

tr" 

f=i 

o 

J?   CM    CM 

<M 

CM 

CM 

CM 

CM 

CM 

■a 

I 

o 

_ 

o 

c 

r 

o 

o 

3 

s 

ja 

o 

S° 

o 

•a-g 

^  :i   w 

. 

t_l 

, 

•3 
o 

§ 

CO 

CM 

CO 
CM 

CO 
C-l 

r. 

CO 
CM 

SB 

«=s 

™ 

■^ 

Q 

o 

3 

o 

»1 

b    CM    CM 

5    "*     tT 

CM 

CM 

CM 

■* 

■^ 

"tf 

^J* 

Tt< 

S 
p, 

CQJ3 

O    CO     CO 

CO 

CO 

CO 

CO 

CO 

CO 

_ 

£  ^i  ^, 

CM 

fM 

© 

OS 

OS 

o 

o 

iH" 

r» 

o 

t* 

r*. 

t^ 

Eh 

c  <~-  t~ 

*s  -^  -^ 

r- 

r- 

1^. 

r- 

1-*. 

-tf 

■^ 

•*t> 

■^ 

-* 

rH 

a  §  P 

o 

~ 

Lubr 
catin 

and 
clear 

ing 

■  ■ 

SO    o 

o 

c 

3 

s°  • 

§lp°i 

r^ 

t 

o 
o 

© 

OS 

OS 

OS 

o 

o 

o 

o 

~ 

o 

go  e— <s 

3 

qo     • 

o 

boo 

o 

<-> 

o 

o 

o 

iO 

iO 

m 

K  5 

o 

c 

Cj  -  ^ 

"o 

a 

"  B  .  8 

© 

o 

OS 

>i 

CM 

w 

CM 

CM 

CM 

CM 

.3    Q    «   © 

►J2     a 

3°  ' 

£! 

•3 

ntei 
ag- 
ing 

M.I 

ies 

^    CO     CO 

kO 

to 

o 

a 

iO 

CO 

U0 

CO 

CO 

CO 

CO 

S3 

'■Z  -Q   bJD  «  -^ 

qo 

C3 

C 

■SSs 

b  o    o 

o 

— 

o 

zz  ■*  ■* 

o 

-. 

o 

to  2 

rf 

■rf 

^ 

•^ 

Tt" 

-* 

§° 

•3-C  to 

00 

CO 

CO 

-* 

a 

OJ     .  C 

S:  in   w 

CM 

•N 

CM 

BQ  ~  60 

o  L"   ^ 

iO 

«0 

iO 

»o 

»rt 

TP 

^ 

■^ 

TT 

5     a 

M  ©  © 

— 

O 

CO 

o 

- 

o 

a;    CM    OS 

© 

CM 

o 

CM 

OS 

^         « 

«s 

«—  ,    3 

Sr,     ©      © 

o 

o 

O 

- : 

•o 

£  co   ^ 

Tf 

CO 

1  =  52 

s 

* 

3 

a 

>  **   »o 

'v 

</> 

w 

ts 

CO      O 

PJ 

8  si 

SS   tt 

C   3 

c 

a 

3 

Ph  02 

CM 

H 

a 

to 

CO 

o 

OS     OS 

Tf       ■* 

CO    OS 

CO.  CO 

rH    ^-i 

,-H     ■- 

~t*    -^ 

CM    CM 

OS    CM 

O 

i    CO 

'  © 

o  o 

CI     CO 

CO    -^ 

o 

iC    to 

<C    CO 

CM     .M 

o 

OS    OS 

©  © 

o  o 

©  © 

io    iro 

•a   io 

Tf       Tj< 

Tp    -M" 

I-*  t— 

o  o 

©  © 

o 

OS    os 

©  © 

©  © 

o 

r-   t~- 

r-   r- 

T-t       l-H 

l-t   1— 1 

rH     ^h 

^  ^ 

o  o 

I-   t- 

t^   l>- 

r^   r- 

CO     CO 

CO     CO 

CM    CM 

©  © 

t-  t- 

1^.  I-- 

t--  t>. 

i>-   r- 

TT    ■^ 

'H-      ^4 

o   © 

©  © 

©      © 

o 

OS    © 

©      © 

©      © 

© 

©  © 

CO     CO 

CO     CO 

H  — 

«-l       -H 

—   — 

OS     © 

CI     CM 

© 

co   eo 

CO   to 

CO    CO 

CO     CO 

© 

©  © 

©  © 

©  © 

©  © 

TP   M* 

--*    rp 

© 

CO    CO 

CO  oo 

~r*     TH 

CM    CM 

iO     iO 

iO   »o 

"^      TP 

■<P       Tp 

©   o 

©  © 

CM    CM 

C)     CM 

©  © 

o   © 

©  © 

©  o 

■"tf    -^ 

■tp  -<r 

»o      i 

"S   "^ 

E  i 

ii  p-t 

ft  £ 

0    - 

o   a 

^  £ 

o    > 

p   ■— 

m    o 

a  s 

©  ^. 

^   a 

G.    <y 

32  63 

176 


OS    -if 

r-    r-    r- 

sScoo 

w.9     w 

O     CM 

CO    OO    00 

r—   io 

iO    io 

CO     CO 

iO    "*    CO 

'3 

o 

o 

H 

3^h  POO 

o   r- 

r~   io    t— * 

CO      t- 

CO     OS     IO 

.->    CN 

00    CN 

CO    CM 

o   r-   oo 

<3 

t^     CO 

iO    CD 

"^   -^ 

iO   ■*    ■*** 

■^  » 

=o 

CO     CM 

CO    CM 

■^t*    CO    CO 

O    O 

o  o 

o   o   o 

g  C8.T5 

o  o 

o  o 

o  o 

o   o   o 

o 

o- 

4 

'  w  d  d 

s-  d  o,.2 

M 

CJ     CO 

« 

OS     OJ 

"T1     O 

CM     O 

CD    CO    CM 

-      fe  £  E  £ 

►>-   K   O  OT 

§ 

o 

O 

« 

CO    (N     CN 

.Sit* 

CD'    «# 
CM     CM 

CO     CN     CM 

O  oj'C 

o 

o 

to» 

^ 

.    C  on 

^ 

O    CD 

-*        T-l 

CO     00 

OS     CM     iQ 

h°M 

■^    "* 

w   o   ^ 

-S 

cm    .—« 

CM    ^h 

CM     i-l 

CM     T-*     i— t 

a§3 

o 
=5 

O 

p 

CD    CD 

o  o 

■"#    ■* 

CO     CO     CO 

.5  8,3 

o  g1  8 

CO    CO 

CO     CO 

CO    CO 

CO     CO     CO 

o 

O 

c 

m 

4 

>» 

CM    OS 

iC    -&    ■*& 

CO    CI 

CO     CM     OS 

d 

CO    CM 

CO     CM 

CO     CO     CM 

o3 

-d 

.a  5  > 

o 

q 

o 

3 

CD    CD 

CD    CD 

CD     CD 

CO-    CD-    CO 

CO      CO 

CD     CD 

CD    CD    CO 

o 

CD 

3» 

q 

00    00 

00     00 

00    00 

00    CO    CO 

,0 

^ 

O    00 

'JO    CO    CO 

-d 

CD 

co 

CD 

CD     iO 

CM     .-i 

o  o  o 

q 

O    O 

o 

o  o 

o  o 

o  o  o 

id 

-^    OS 

CM    CO 

iO    iO 

N     CO     CO 

T3 
CD 

rd 

1^     CO 

OS     "^     CO 

CD    O 

cm    o 

OS    OO 

CO    CM 

O    OS    oo 

d 

WQ 

q 

o 

■d 

,  ■«  rt  t, 

■    00    -^ 

CD 

h  fl  S  ° 

W 

5  s  K.P 

"o 

q 

i    r-, 

1—1 

1           "~ ' 

d 
o 

.■dot!) 

0J    C    OSq-;^ 

g'C    CJJO    o3 

M.S    O.3. 

OS    Os 

co    ro 

o  o  o 

CD 
ft 

O 

O 

03 

■  h5 

q 

o 

T*      ^ 

■*   f   1- 

O    CD 

•O      1^ 

O    CM 

O    OO    CM 

3* 

P-H 

CD    OS 

—i   r^ 

.-H     O 
*0     CO 

CO     <M 

CO    <M 

UO    CD     i— i 

-<r   co   co 

05 

CD      r- 

03 

CD     CM 

t--     CD 

CO    CO    s 

t-~     iO 

r--   CM 

r-   cm 

CD     O     CM 

£- 

CD     t- 

CD     00 

m    co 

iC    CO    CO 

-  o.£  q  r 

*= 

T-l       CI 

00    -* 

"*      iO 

»0     O     CO 

CM    iO 

tH     -h 

CO     tT 

CO     CO     -^ 
CM    CM    CM 

CO    CO 

CO    ^ 

03^0  03  ° 

o 

q 

— '     CO 

c3 

OJ 

O    00 

t-~       Tj- 

as.    o 

CO    O 

r^   oo 

■     N    OO    0O 

03 

PH 

EH 

C) 

u 

63 

•T^       T& 

t       H      O 

0J 

I-   I- 

OS    c 

CO     .-t     O 

00    CM 

OO    -^ 

Tt*       t^ 

^   tr    n 

-2 

o 

CI     CO 

C)     CO 

CM     CM 

CM    CM    CM 

£ 

^ 

=o 

»o   r- 

CO     IQ     H 

o   r-   co 

-2 

CD     OS 

CD     CM 

CM     -^ 

CM     CO     "* 

zj  03 

cm   cm 

CM    CO 

CM     CN 

CM    CM    CM 

Co 

q 

d     !     ! 

CD        i        i 

g 

>        '    * 

d     i     i 

o    iH    CN 

g     J     CM 

CD      CO      w 

o    «    «    n 

w   c   d 
"  ,23 

S   d   d 

c3     c3 

ft  -    *- 
,     ft   c 

h   §    ft   ft   ft 

ftf^  * 

^^ 

^    f    O     CO 

o 

Eh 

ft 

>> 

a 

CQ 

w 

j^ 

r^- 

^H 

os 

■^ 

■^ 

OS 

CO 

"^ 

OS 

OS 

to 

"O 

■* 

CC 

ro 

CN 

rt 

CN 

rt 

CM 

iO 

o 

r- 

I-- 

CO 

r- 

■— < 

CM 

»c 

OS 

OS 

CN 

r- 

co 

-* 

■^p 

Tji 

CM 

CO 

co 

CO 

., 

CO 

cM 

CM 

CO 

CO 

§ 

f-- 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

..- 

CM 

o 

•o 

r-4 

Tf 

CM 

■    i 

OS 

CO 

o 

CM 

,. 

00 

CO 

CN 

CO 

CM 

CM 

CM 

CM 

CN 

CN 

CN 

CM 

o 

<M 

OS 

CO 

as 

tH 

CM 

CN 

T-4 

*-* 

*-* 

O 

r^ 

h- 

t^~ 

iO 

U0 

on 

on 

CO 

CO 

c^ 

CO 

CO 

CO 

CO 

CO 

CO 

o 

r- 

r- 

-rH 

xH 

t^ 

CO 

CN 

CM 

CO 

CN 

CM 

CO 

o 

CD 

CO 

CO 

CO 

CO 

CD 

CD 

00 

oo 

CO 

00 

00 

00 

1-1 

1—1 

^ 

1-1 

1-1 

1-1 

1—1 

1—1 

-^ 

,s. 

o 

CD 

CO 

00 

o 

o 

o 

o 

o 

O 

o 

o 

o 

,- 

^ 

o 

.-< 

OS 

,_, 

1^- 

t^ 

o 

00 

o 

CO 

CN 

t-H 

os 

OS 

H 

1-1 

t-1 

"^ 

1-1 

.r 

OS 

t- 

00 

CM 

Tf 

CO 

00 

CD 

"* 

1   - 

t-O 

CD 

o 

r- 

,- 

-* 

■* 

5 

■* 

-# 

■* 

•^ 

Tt< 

CO 

CO 

o 

,- 

CD 

CO 

CM 

OS 

rr. 

o 

^± 

OS 

t— 

■* 

O 

iO 

CN 

CO 

CM 

CO 

CO 

CN 

CN 

CO 

CO 

Ol 

fn 

. 

,_, 

O 

o 

CO 

CO 

CO 

CO 

00 

CM 

1>- 

OS 

I-" 

iO 

CO 

CD 

■^ 

iO 

»o 

■f 

»o 

CO 

ln 

CD 

CD. 

as 

c 

CM 

CO 

CM 

CO 

CM 

CM 

CM 

CM 

OJ 

o 

^ 

O 

OS 

c 

r- 

00 

CM 

t^. 

OS 

r^- 

00 

CO 

CO 

t-^ 

r-- 

CD 

CD 

o 

CM 

O 

o 

OS 

X 

Cs 

Tt 

CO 

uC 

CD 

o 

(N 

"* 

r~< 

c 

CN 

CN 

CM 

CN 

CM 

CM 

CI 

rr 

CO 

on 

if. 

;  i 

■- 

■^ 

cc 

C 

CN 

a- 

o 

CN 

CM 

CM 

CM 

CM 

' 

CM 

^, 

0 

cfl 

P4 

+3 

r 

a 

> 

CD 

CN 

o 

w     c/ 

*, 

rn 

V      U 

*co 

CD      0 

r 

ft     ^ 
fe      C 

i  i 

.  c 

<  u 

.  ft 

g  P- 

_ 

a 

c*- 

"^ 

rrl   « 

CO 

h 

p 

Ph 

C/3 

w 

CO    CO    o 

00    OS    OS 

Cl    o 

O    CO    OS 

CN    OS    iO 

OS    o 

CN     rH     i-^ 

O       I-H 

co   ■*   r— 

CD    CO 

CO    CO    C) 

T-t         IO 

CM     CO     OS 

CO    CO 

-f    i'   cc 

CM      Ol       H 

CN    CN 

CO     CN     CN 

o  o 

o  o  o 

o  o 

o 

CO     OS 

OS      i-H      O 

OO     t- 

,-(       O       l-H 

r-H     i— 1     i-h 

o 

* 

CO     CD     t-h 

Ct     CM     CM 

CM    CM 

o 

^    m 

o   ■<*   »o 

i-i    00 

CN     H     CN 

Cl        ^H 

O 

CO    CD 

>o    >o   iO 

■**<    -^ 

Tfi       ■■*       Tt< 

o 

^     CD     ■* 

r^   o 

Ol     N     CD 

CN     CN     CI 

CN     CM 

o 

CO     CD 

CO    CD    CO' 

CD    CO 

CO    00    CO 

CO    CO 

00    00    op 

CO    CO    OO 

CO    o   o 

o  o  o 

o   © 

o  o  o 

o 

CN     CO     IO 

i-H    OS    OO 

CN     i-h 

O    OS    CO 

■^ 

t-H       1— 1 

1—1 

!  r-  co 

QO     ■* 

1       r-H      CO 

CO     CO 

1     iO     ^ 

i    o 

CN     .— I 

CO    co'  CO 

CO     00 

io   in   m 

Tjl       "^       -^ 

CO     CO 

CO     CO     CO 

o 

CO    o 

Cl     CO    -^ 

O     CN 

OS     r-H     CO 

O   >-i   ■* 

CM    OS 

CO    CN    CM 

CM     i-h 

CO     CN     Cl 

CO     OS     !0 

O    CO 

CO    N    CD 

CO    CO 

CN     CO     IO 

OS    -*i 

"^    »o    "* 

CO    -* 

CO     CO     Tp 

t-     CM     CM 

CM      O      * 

t-     «30 

CD     t-     CO 

<M    CN    CM 

O 

CD    O 

OS     -*     O 

00    Cl    00 

w  n  to 

IO     CO 

rh    to    iO 

o 

1^     CN 

00      H      H 

^H     CM 

cd   oo   m 

CO     CM     OS 

r-  os 

i-h     CM     .—t 

1-1    ^ 

r-H      i-H     r-H 

CN    CO 

"*     O     CO 

iO     1^ 

OS     r-H     O 

cd  i— •  r— 

IO     t- 

CO    iO    b 

i-H    CN    i-i 

1—1    ,—l 

i   :   : 

i   : 

i    CM 

!     !   d 

i       i     c3 

..     !     !  ft 

d     '     '   •■ 

a*      '   -  '   "d 

>     •  *    d 

i    '    ' 

*0    CN    CO     > 

to        I    » 

iraulie: 
8  press. 
10  press 
12  press 

press  s 
Plant 
Plant 
ect  sol 

rew  pre 

4  pres 

5  pres 

£                 .04 

>, 

ft           Q 

CQ 

w 

177 


CO     ^t* 

=!«!  = 

h5b™      1 

£   CO    O    ^ 

CO     CO 

t--   © 

SOOh 

o  o 

©  © 

rt 

C| 

O 

H 

fo   GO    C-J    rt 

©    Tf 

©   io 

8«    M    Q 

S  o  —i  « 

co  r*- 

o   o 

t-   o 

©  <-• 

73  i 

W    N     W     N 

CN    CM 

CM     CM 

c3.& 
5.2'- 

,2  ©  o  © 

o  o 

©     © 

o  © 

q 

■  w  3  a 

>-  3  Q..2 

GO    © 

©     OS 

~*     OS 

«      -H      O      O 

O    O 

1-t  © 

o  a>  3*+j 

p*  R  O  OT 

o  © 

o 

«  o  r-  to 

Oi    cO 

.2  3  t» 

>2  <m  co  © 

8    ^     h    CS 

O    OS 

Tj"       CI 

o  o+^ 

o  o 

<3 

.    3  m 

3°.M 
r5  a>  o 

3  °  ° 

1—1  ci  ^ 

tH     CM 

^    CM     ,_,     ,_, 

a  d 
C3 

CM    (M 

CM     Dl 

a 

«f»  -**<   ■>*    no 

•^  So" 

O      T)H       Tf       If 

-tft       Tj* 

■*     •* 

o  d 

a 

PP 

q 

I&.1 

«o   03    CO    N 

to  ■* 

t:  t»  ^    lo 

«    C-l     W     IN 

I^_     CD 

r-_   co 

a 

CN     (N 

CM     CM 

rt 

.o  3  > 

o  d 

3 

o 

£9   -3    cO    CD 

©    CO 

<3  ^ 

he    o    o 
3  X   oo  oo 

=1 

tO     CD 

CO     CO 

00     GO 

CO    CO 

o 
to 

>» 

3  c3 

•O 

I- 
CO 

CO    CO 

■d 

^  ©  ©  © 

O    © 

©  © 

& 

C) 

w 
s 

o 

«    "t     00     N 

T3 

,«     3J     t^     O 

CO    OS 

«  o 

CM      1-H 

©  © 

J3 

'S    O              i-< 

r-H     rH 

3 

Ha 

d 

o 

■3 

,uOi, 

JO         I     m     CO 

.     © 

i    CO 

o 

S  3  o  o 

'old' 

1     CO 

i     CO 

3 
o 

h 

fcfl3  £;  o 

JO   GO    OO    00 

—*     © 

CO     CO 

£3   OS    ©    © 
o  CO   n   w 

o  d 

r—   t* 

4J 

C3 
1-1 

CO    CO 

CO    CO 

o 

■*=  i-    i-    N 

CO     © 

3  3 
"d  o 

©    CM 

• 

o  cn"   ^   ci 

CM     OS 

OS    iO 

i-      _ 

3 

(;  N  ^  oo 
,«  r-   r-   ^ 

tc    o 

co  r- 

CM     tO 

o 

o  ro   ^   ■* 

CO     CO 

CO    CO 

^ 

q 

.d?i>. 

=o    _     _     -> 

U3    OS 

3  °3  3  3 

J2    O  —  r-l  .3 

fc  —  ■*  "-1 

iD    CD 

1—1    *^ 

*"!  "~i 

a 

C3 

q 

CD 

cs    — (    CO    © 

1—     I- 

^    O    CM    OS 

IC    © 

-f   © 

c3 

Ph 

Ch 

q 

•« 

CD     >D 

CO    M< 

03 

■*    C-l 

C     ^5     Q     O 

^    CO 

■>#    lO 

CD 

3 

S3, 

a".£ 

«5   CI    N    O 

OS     CO 

•O     CM 

O    tI*     CO    N 

CM     -^ 

CM    "* 

a-  c3 

P'S 

q 

:    ;    : 

I         i     CO 

1      Ph 

g 

-ij              1               1         O 

«5 

r      |  *'    > 

So  •'    ; 

•  ' 

>.    CN    CO     O 

.£?    a    o 

Ct    tn    w 

8    d    fl    £ 

U  S  S  g, 

a   =•    jr 

3   a  a 

^     ©     CM 

>* 

p        S 

cc 

©     ©  -H 


©    CO    CO 


© 

OS 

© 

© 

© 

© 

© 

CO 

CO 

© 

© 

"^ 

© 

»o 

I  - 

CO 

© 

r- 

»Q 

CD 

r- 

CN 

© 

© 

© 

OS 

© 

© 

D 

© 

CM 

CM 

-, 

CM 

., 

-, 

CM 

© 

© 

o 

© 

a 

c 

3 

© 

© 

CO 

© 

I-- 

I- 

CO 

© 

© 

© 

o 

— 

© 

3 

© 

© 

CM 

co 

CM 

CM 

CO 

© 

[- 

CO 

O 

0! 

© 

© 

CM 

CO 

«3 

^ 

(N 

3 

"^ 

b- 

CN 

?i 

© 

© 

© 

•^ 

># 

CO 

CO 

co 

»D 

iO 

iO 

HO 

»o 

»o 

iD 

© 

CO 

© 

ro 

CN 

CM 

CM 

CM 

CN 

CM 

CM 

© 

© 

© 

CO 

© 

CO 

SO 

© 

CO 

CO 

■m 

CO 

CO 

CO 

CO 

OC 

r^ 

CO 

CO 

r. 

i-- 

r^ 

CO 

-cp 

■ 

© 

© 

© 

© 

© 

"_ 

© 

© 

r^. 

CO 

— 

GO 

CO 

!-< 

00 

r-l 

1-H 

OS 

00 

oO 

T~t 

1—1 

1—1 

©   »o 


ID 

-* 

!>■ 

r-  t^- 

CO 

GO 

CN 

CN     CN 

CO 

CO 

CO 

CO 

CO 

CO     CO 

© 

-*1  CM  CO 

D  ^  CN 

CO  CN  ^-i 

CN  CM*  CJ 


CO 

CO 

~r 

iO 

CO 

i-t    CO 

© 

r-* 

00 

CN    CO 

CO     CO 

CO 

CO 

CM 

CO     CO 

y-i  <* 

IO 

CO 

t—    CD 

!•-     CO 

"~ 

^ 

—■ 

fCH     Tf* 

© 

CO    i-t 

© 

„ 

CO 

CO    -^ 

CM     -*> 

CM 

CO       Tj< 

rfl     -^ 

-tf 

"=*< 

CO 

-^  -* 

© 

CD    -# 

© 

CO 

co   tjT 

■' 

CO    CM 

CO    ■* 

CO 

CN 

CO     -^1 

b- 

CO 

CM     CO 

t-^ 

CN 

•o   as 

CM    CM 

CM 

© 

(M     CM 

a  p. 

£     ©     CN     ■ 


■z  fi 


©  GO  © 
t^.  CO  © 
-*     CO     CM 


© 

© 

© 

© 

© 

© 

© 

T* 

© 

CM 

CO 

© 

CO 

CO 

iO 

*a 

r- 

o 

GO 

o 

^ 

■fl' 

»o 

© 

© 

© 

© 

© 

© 

© 

© 

CN 

CM 

CJ 

^ 

CN 

rN 

CM 

© 

O 

. 

— ■ 

© 

-■ 

o 

© 

— ■ 

O 

o 

© 

© 

© 

© 

.-H      I--      -S< 


CO    ^-< 

"* 

nn 

CO 

CO     t^ 

CC 

>o 

© 

CO 

CO 

© 

CO    ■*£ 

CN 

-, 

s 

>f     CN 

"^ 

CO 

CN     CN 

CN 

CM 

CN 

CN 

© 

• 

© 

CO     CO 

CM 

CN 

CN 

CM 

lO    io 

lO 

*o 

»o 

>D 

o 

CO    b- 

_, 

iO 

© 

b* 

TP 

-rf     CO 

o- 

CM 

CN 

CN 

© 

co    © 

CD     © 

GO     00 

CO 

00 

00 

CO 

CO    CN 

CO 

b- 

b- 

r- 

-#     CO 

O 

©  © 

© 

3 

o 

_ 

© 

© 

b- 

XO 

i-H     CD 

co 

©   o 

CN 

I-H 

© 

CO 

CO 

O    i-i 

1—1 

1-1 

iD  © 
O  t-( 
CM     CO 


»o 

■•** 

CO 

CO 

CN 

CN 

CN 

r- 

CN 

tM 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

© 

.-<  <N  CO 

N  ^"  IM 

M  M  H 

IN  (N  CN 


CO     © 

GO 

»o 

iO    o 

b- 

GO     CN 

b- 

© 

CN     C2 

CN 

CO 

CM 

CI     CI 

©    OC 

w 

©  © 

CO 

CO 

CO     CO 

© 

■«* 

»     CI 

t—     GO 

CO     "«*< 

CO 

"CH 

CO 

CO    CO 

© 

©     CO 

© 

© 

GO 

CO     b- 

r-i       t~~ 

© 

CO     CI 

CN    CO 

CN 

^h     CN 

CO     O 

CO 

ira 

-n 

«*   -f 

CO     ^H 

ID     © 

©    CN 

© 

© 

©     © 

c.3  a 


^*  fe   ? 
h   ©   g 


178 


,-v, 

m 

00    CN 

CO 

CI 

CO 

CO 

OO    O 

0 

OS 

OS 

CO 

00    OS 

OS 

CM 

CO 

CO 

CO     <~f 

CO 

OS 

10   t- 

CM 

0 

OS    CN 

0 

cs 

OS 

OS 

CO    OS 

OS 

CI 

- 

' 

O    O 

0 

O 

0 

3 

O    O 

0 

o 

ns 

in 

CO    CN 

CO 

r~ 

-■■ 

CD 

CO    CO 

o 

0 

0 

O    O 

o 

cn  r-- 

t^ 

CD 

-rt< 

iO     *<f 

r^- 

r< 

o 

•* 

r- 

t-,    cO 

co 

Si 

w 

r*- 

CO      — 1 

CN    CN 

Si 

o 

OS 

on 

00 

Tt<      ^ 

<N 

CO 

CO     CO 

»o 

1- 

U9 

10   »o 

O 

o 

p. 

,_, 

u~\ 

iC    OS 

s 

-^ 

fN 

CO     CI 

CN 

CN 

CN 

CN     CN 

o 

co 

<T> 

CO 

CO    CO 

cD 

CO     CO 

CO 

CO 

00 

00    CO 

00 

T~i 

*"H 

1-1 

1-1  r"1 

*-' 

CN 

v 

<0 

CO    CN 

t- 

-■- 

o 

3 

0 

O    O 

0 

o 

. 

CO 

or 

.-1    CO 

h- 

CI     CO 

3 

1— f 

r- 

CN     i-i 

rM 

r-     r-< 

I-- 

CO 

tM 

K 

O    CN 

O 

o 

i_1 

m   10 

CO 

1  - 

CO 

CO 

CO 

CO    CO 

CO 

o 

CO 

_ 

ro 

- 

UO     iO 

00 

*0 

CO 

m    -et* 

1-1 

*■"* 

~ 

»-<     r-i 

CI 

CN 

CO 

CI 

ns 

O0 

OS 

CN 

CO    OS 

0 

01 

CN 

CO 

CN    CN 

CN 

TH 

O 

_ 

CI       wi 

O 

10 

I- 

CO    M* 

CN 

0 

GO 

ns 

CO 

OS       r-4 

O 

r- 

m 

CO 

CO 

*tf 

CO       Tj< 

CO 

0 

. 

OS 

CN     U0 

0 

h- 

uO     CO 

OS 

CM 

CN 

i-t     CN 

0 

r"' 

1-1 

*" 

i-H     r-< 

'"", 

Pfl 

on 

O     t- 

r- 

CN     »0 

«o 

O 

iH 

CN 

O     i-1 

OS 

"^ 

1-1 

" 

"""     *""' 

: 

<* 

#  ' 

P-. 

di 

"a 

a 

-# 

•  •    *            > 

0 

> 

0 

a>    0    <» 

W 

CO 

d 

d 

a  ft  a 

3 

O. 

"■ 

K 

S 

£     O     CN 

■a 

£ 

p> 

p 

CO 

K      1 

»o 

0 

f^. 

10 

cr> 

CO 

CO       1-4 

iO 

-* 

OS 

CO 

CO 

1—1 

.-H     O 

00 

00 

00 

00 

00 

CS 

O*     OS 

., 

LO 

r-   00 

iO 

r- 

CO 

O 

.-. 

TjH      ^f 

CO 

CO 

OS 

00 

00 

OS 

OS    OS 

»-H 

^ 

CI 

0 

c 

3 

0 

0 

0 

O    O 

0 

_ 

3 

0 

0 

0 

O    O 

0 

OS 

WJ 

on 

CN 

CO 

CO 

CD 

00 

CO    I- 

0 

— 

0 

O 

— 

0 

O    O 

0 

•^ 

ns 

*n 

-* 

c: 

-r 

tJ< 

CO 

t- 

CO     CO 

0 

•^ 

CO 

as 

Tf 

CO 

T* 

■^    00 

-^ 

h- 

■•* 

<M 

CN 

CI 

CN 

CN    CM 

0 

CO 

CO 

h- 

,_, 

,_, 

0 

O    O 

f 

-^ 

— 

u0 

iO 

10 

»o 

m 

10 

10    iO 

0 

1_l 

ir 

m 

OS 

h«- 

CO 

fN 

r-\ 

CN 

CM 

CN 

CN 

CN 

CI 

CN     CM 

0 

CO 

CO 

CO 

CO 

CO 

CO 

CO    CO 

CO 

CO 

00 

OO 

00 

GO 

00 

00 

GO    GO 

00 

ir> 

on 

CN 

CO 

CO    CO 

CO 

m 

CN 

0 

3 

— 

O 

0 

0 

O    O 

0 

OS 

OS 

in 

OS 

on 

CM 

fN 

CO 

r-  -*f 

X! 

OS 

CN 

CN 

OS 

00  00 

0 

rH 

'"", 

O 

,-, 

(O 

**   r-~ 

CO 

CO 

T— 1 

CO     ^f 

0 

r^- 

0 

fN 

cO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO     CO 

0 

CO 

C^ 

00 

OS 

OS 

— ■ 

CN 

Cl     r-i 

0 

CO 

■^ 

•^* 

— 

1-4 

O    OS 

""■ 

1-1 

1-1 

1-1 

r"J 

CN 

Cl    w 

co 

> 

on 

"* 

no 

O 

r--   00 

00 

C.i 

iO 

10 

l"*" 

_> 

»o 

t^. 

CO 

t-    CO 

CI 

CM 

CO 

CM 

CN 

CM 

CM     CN 

^ 

•0 

r^ 

0 

■*h 

CI 

m  tji 

10 

IO 

CO 

CO 

CO     CO 

0 

CO 

CO 

CO 

^ 

m 

CO 

CO 

*tf 

CO 

CO 

CO 

CO     CO 

CO 

00 

CO 

= 

CO 

0 

1 

■  - 

CN 

O     CO 

__ 

CO 

CO    CO 

00 

1  - 

1— 

00 

crs 

as 

cs 

3 

i-H 

'—■ 

OS 

O      l-H 

0 

*~1 

*"H 

"^ 

l->        T— 

iO 

CI 

Ph 

.y 

:: 

d     ■ 

m ' 

> 

..  * 

1  *' 

>   * 

in 

- 

«  $ 

a>    0 

a; 

CD      Cv 

g   d 

d 

a  a 

- 

3  a 

ft  a 

8* 

Ph 

ft 

&   ^ 

-r 

a  0 

CO     O 

CO   -v 

p 

£i 

S5 

CO    ,-t    *&    CO 
00    CO    CO    GO 


23  2S 

O    i-«    «^    CO 

00    00    CO    CO 


0000 
0000 


f    CO   o 
CO     iO    I- 

000 


CO    CD    CO 

cn:  ^  ^ 


m   CO   OS   on 

UO     iO     iO     »0 


10  10  ci  n 

CM     CM     CM     CM 

CM    CM    CM    CA 


»    (O    t-t    CO 

CN    CO    .-•    O 

OOOO 


m 

as 

as 

-1 

CM 

00 

CM 

rH 

*"* 

CO     CO     ift     iO 

a  cs  i<   h 

-J<    CO     CO    OS 


CM 

CI 

iO 

CO 

•"# 

CO 

CI 

CM 

ri 

CI 

,.. 

-f 

CO 

CM 

CI 

as  »o  co  co 

CO     i-H     CM     CM 

CO    CO     CO     CO 


go  as  o  10 

CO     O     iO    CO 
OOOO 


r-t    Tt*    CM    CO 
CO     O0     CN     O 

as  00   as   as 


Ph  a 


a  <u  S  *o 


179 


5* 

e 

cs> 

-si 

CO 


o 

Si 

-a 

<a 

^S> 

CO 

<» 

^ 

CO 

*& 

~s5 

co 

e 

<» 

«'2J 

%  a 

S-43 

ro 

13  3 

% 

°o 

H 

"^    1 

CO 

— 

o 

sJj 

W 

1st 

co  ~( 

S^SS 

<! 

©  -^ 

^•s 

"^  k 

co   g 

<a  -^ 

CO 

^ 

£ 

o 

"t3 


*C3 

CO 

e 

CO 


co 
cs 

« 


m 

ira 

CO     00 

UO    cC 

en 

CO     t^ 

Oi    CM 

— i    00    oo 

a 
*o 

0 

CO 

iO    W3 

-^t    o 

CO    CO    CO 

fess 

V-    g    M 

-w 

<!■§ 

& 

- 

be  i 

.9  $ 

*o 

to 

00     (M 

O    CN 

■O     "O     00 

CN     O 

U3     CO 

H       ■*      OO 

03  -*j,Q 
ac  03 

e  "3 

t^ 

CO    t-- 

IO     CO 

CO  ,-*    ■"* 

5  P  o 

aj  ©  w 

(CO 

CO 

h- 

to 

rr. 

^H       ^ 

O    CM 

t^    CM    »C 

«o   00 

CO 

,-H       CD 

io  r»- 

CO    00    00 

03 

=  s 

r- 

e 

Cl 

IO     iO 

y_i  i_l 

_   -   _ 

3 

M*     TH 

r^    r-- 

qo  OS 

a 

Oi    CI 

o   o 

J2 

e  « 

(N 

<N    CN 

CO     CO 

CO    CO    CO 

3 

w 

O 

O 

o  a> 

O    O    CO 

O 

o  o 

o   o   o 

co   O 

:  ; 

o  o 

o  o 

o  o  o 

CO 

a 

.g 

3 

a 

- 

o  o 

o  o 

coo 

— 

rfi     "^ 

■^   -*< 

03 

CO    CO 

CO     CO 

CD    CD'    CO 

13 

o 

^ 

CO     OO 

O    r~ 

vp 

CO     "3 

Oi    i-t 

oo   °0 

CO 

O    iO 

CM    iO 

H     IO     !D 

£   O- 

o 

Oi    OS 

CD    CO 

iO    »o    iO 

■f 

CO     CO 

o 

o 

T3 

liS,, 

o 

.... 

-m    CD 

CM    t- 

Oi    O 

W    N    N 

-P 

oo    n 

Tji 

O0    CO 

OS    t-- 

CM    CO    Oi 

C 

'■3-S-2 

OS 

Oi    OS 

t-   r^- 

Oi    CC    N 

a  a  o3 

5  03  — 

CO 

CO     CO 

,   CO     CO 

CD    CO    CO 

xi 

S  S  0 

q 

c 

~ 

o 

p 

-O 

s 

o 

on 

0O     CO 

too  t, 
g  w  o 

r- 

CO     CO 

"**•    CD 

CM     f-     CO 

oo   CO 

■* 

TP      00 

CN    Oi    O 

^  a  o 

1-H    O    W 

r. 

o  o 

ao   go 

Oi    00    Ci 

1^-  t^ 

c 

o 

o 

o 

CO    00 

CD    ^ 

«o   w 

zr> 

Ci     rt* 

OS    CO 

CM    O0    CO 

m  a 

■g 

P  c 

jO 

o  w 

^ 

^)  w 

o 

o 

c   c; 

O    IO 

*3 

*tf 

GO 

>o    o 

iO    t^ 

^    CD    00 

3,13 

CjTJH 
rr-,^ 

£ 

OQ  P. 

S 

p    : 

M 

y      09      W      y      W      W      09 

gap 

_^     c3     c3 

-<     G)     cy     O 

03 

r;.a  a  ^  a  a  p. 

g    CM    CO    i    M<    O    CO 

S.* 

Ph 

g   Ph   Ah 

5               ^ 

Ah 

p 

m            W 

N    iO    O 
h     CO     CN 
y-i    iO    ■* 

O0    CN 

00    CO 

CN 

cc 
O 

CN     O 

y->.     OO 

T&       O 

r-   t-  co 

iO    CD 

CD 

rP    io 

jr- 

■^ 

rn 

cr 

tH 

»o 

t^ 

^ 

CO 

O 

00 

l^ 

K 

Oi 

t— 

Oi    -*    -^ 


CO 

t-- 

t^ 

t-~- 

OO 

00 

O0 

Oi 

Oi 

Oi 

O 

o 

CM 

CN 

CN 

CN 

CN 

CM 

CO 

CO 

o  o 

■—   a 
o  o 

o 
o 

o 

o 

o 
o 

- 
- 

o 
o 

o 

o 
o 

o 

o 

00    O0 

00 

00 

00 

00 

00 

00 

CO    CO    CD 

CD     CD     CD 
Oi    Oi    Ci 

CD     CD 
Oi    O 

*o    iO    iO 
CN    CN    CM 

CN    CN    CM 

CN    CM 

CO  -^  t^- 

CO  I-H  O 

r-  o  i-t 

oo  oo  oo 


i-h     t-H     (M 
O    Oi    Oi 

r-1      CD      CO 


i-(    o 

iO 

(N 

O    CM 

o 

OO 

<M 

rt^ 

oo 

iO 

t^  r-  i-- 


o  o  »o 

O    O    O 

o   <o 

N    CD    N 

CN    OO    CO 

o    t-- 

5 


ojcicPcePP 

Q^^CNCO-^r^CDOO 
Ah   GQ  M 


'O    T    « 


r-  o 

-*    CD 


O       CN        r-1 

C5    N    N 

Ci    O    Oi" 


t^-    Ci    i— * 


00 

CO 

?9 
00 

CO 

IO 

— 
00 

— 
00 

00 

Oi 

00 

Ci 

00 

CN 

CN 

CM 

CM 

CN 

CM 

CM 

CN 

o  o 
o  o 
o  o 


CO    00    oo 


CO    oo    00 


r~   t^  r* 


CM    CM    CN 


O     -3H     tji 


i-h    CO     IO 


tP    00    N 

io"   *o   id 


O    O    CO' 
CN    co'    Oi" 


cn  as  oo 


,rir(S| 


180 


iO    c    c 


CO  CO 

r-  >— i 

O  CO 

CO  CO 


CO     iO 

rf    © 
CO    — 


©    ©    r- 

O     CD     CO 

-d    ©    to 

© 

OS 

CO     CO 
CO     CO 

00    CO 

CM    CN    CN 

CN 

CN 

CN     CN 

o 
o 
o 

- 
- 

o 
o 
o 

© 
o 

- 

o 

o 
o 
o 

o 
o 
o 

CO 

00 

CO 

CO 

CO 

CO 

CO 

CN 

so 

-1 

CN 

CN 

CD 

CN 

s 

tc 

m 

iO 

*o 

lO 

CN    CN     CN 


O    CN  f-i 


©    ©    O 

CO     CO     ^T 


I-    CN 

cn    -r 
t~    o 


©    O    U3 


©    CO 
CN     OS 


o  o 

CN    © 


p> 

jt 

w 

$ 

Eft    ° 

CP 

« 

5  S 

c 

— 

a 

- 

Q.    c3 

- 

CM 

0 

s 

o 

02 

>> 

K 

©    T>    I~ 


lO 

h» 

i-- 

CD 

iff 

P0 

CO 

o 

CO 

O 

CN 

00 

— 

CO 

r-. 

_ 

,- 

-r 

t^. 

CN 

CO 

CO 

CO 

CO 

I-- 

CO 

t-  r-   r- 


-f 

«* 

CN 

lO 

CD 

!>• 

r~ 

t-*- 

rT 

o   ©   o 


o 

CO 

o 

00 

o 

CO 

o 

f 

o 

CO 

cc 

o 

CO 

CN 

*0 
CM 

CN 

»o 

CN 

CN 

CN 

J-< 

_ 

OS 

-..■ 

CO 

CO 

CO 

1-1 

IN 

■<*< 

OS 

t- 

»n 

OS 

on 

-f 

CO 

r~ 

CN 

»o 

■.-: 

T 

OS 

CO 

OS 

OS 

•rti 

o 

CO 

o 

-<* 

1C 

no 

oo 

o  to 

O    CD 

©  r-   o 

CN    OS 

t-t    OS 

CN    00    00 

,-h     CN  H    CN 


3  M 


£  5 


'  a.  o, 
t-  oo 


3    O. 


OS    OS 
OS     OS 


OS    CD     O 
N    CO    CO 


»o 

CO 

rmi 

on 

lO 

s 

r- 

-r 

OS 

CI 

CO 

to 

OS 

CO 

OS 

»"- 

C"> 

,_, 

■"* 

!>. 

CN 

Of! 

o 

T_l 

-* 

CO 

CO 

T 

lO 

^ 

,_, 

r- 

*v 

-f 

iO 

*° 

t~- 

r- 

t^- 

t» 

1^- 

CD 

CO 

c- 

CD 

CD 

en 

CD 

CO 

CO 

-* 

T 

■**< 

TP 

■^ 

TP 

TJ1 

CO 

tr> 

CO 

CO     OS 

o 

O    CN 

-i 

CO 

CD 

"* 

CD 

-- 

lr 

OS 

CO 

CO 

Tfl 

CO 

OS 

CO 

CO 

CO 

CN 

CN 

CO 

CO 

CO 

CD 

r-t 

OS 

c 

CD 

- 

o 

CO 

lO 

CO 

t~- 

CO 

CN 

CO 

CO 

T 

CD     CD     CD 


o  o 

O    CD 

O    OS    o 

CN    O 

CN    OS 

CN    O    O 

o  o 

CN    CN 


©  o  o 

©    CN     -f 
CN    CN    CM 


w    _  !    w    tn    c 


rS  ** 


S  3  £  ~ 


If  GJ 

a,  S. 

>     "  O     2    O    CN  -*- 

^    X    h    ,2    N    N  M 


a  *h   p.  a   d. 


P    Ph    ^ 


CN     -* 
CN    CN 


r-  w  co 

CN     i-h     i-i 

f    M    1- 


©    t-    ■-< 


■-o 

<s 

c-» 

-f 

I-- 

IC 

CD 

CN 

lO 

>o 

"O 

U0 

CM 

CN 

~4 

<o   »o 

CN    CI 


t^    1^    CO 
CO    CO    CN 

■JZ     CD    I  - 


©     ©     © 


o    to    CO 
©  ©   © 


CO     lO 

OS*    OS* 


OS    ?0    -f 

CO     H     f 
CD     CO     CO 


CN    CM 

i-H      00 

CO     CO 


CD    CM 
OS    t-^ 


©   ©  ©   o    © 

©     ©  'O     C     1< 

CO    -*P  CN    CO    CM 


a;  «  i'  ^ 


CJ  Cl,  o_,    ^   H   _ 


poo, 

a  S.  a  ' 

!>    © 


181 


O    PI    i-t 

CO     CO 

■*     I>-     l-H 

"ou 

— 1       CO      Tf 

r--  o 

N     ©     ffi    ■ 

N   w   o 

lO       1*< 

PI     H      PI 

S  N   pi   ci 

OS    OS 

CO    CO    CO 

|rt  ~  ~ 

Sag 

■^  5  M 

§ 

4-9 

-"Its 

be  . 

a  o3 

O    PJ    CO 

to   OS 

-^     i-H     CO 

.-f   r-   r- 

r^  co 

r-.   i--   i-i 

e,  CM    CO    CN 

uo   »o 

«   rfi   t- 

C3  +J.Q 

c  ri   fi   co 

Os    OS 

CO    CO    CO 

ft  d  C3 

-    -    - 

o  F  o 
«  o  M 

0 

pq-o 

r--  1*1  io 

CO    PI 

t-    iH    <D 

lO     CO     CO 

CO    CM 

fH     O     lO 

e,   OS    CO    O 

O    PI 

d     TH     lO 

c3 

a    Tti     lO     CO 

j2  t^  o-  i> 

PI   PI 

t^-  r- 

f-   I>-   t^ 

o 

t^-   r-  Mi 

p)  pi 

o  o  o 

r*H     ^     i-i 

r-   r- 

3 

^    lO     lO     lO 

to  co 

I--  t--  t- 

w 

O    N    N    N 

p»  pi 

M    PJ    PI 

<» 

3 

> 

CD 

W 

o  o  o 

O    O 

O    o    O 

o   o   o 

o   o 

O     O     O 

6,  o   o   o 

o  o 

O    O    O 

8 

S 

O   CO    CO    CO 

CO    CO 

CO    CO    CO 

o 

0 

3 

i--.  t^  r^. 

r-  r- 

r--   i>   r^ 

r^  r-»  r- 

r-  t-- 

t--   t--   r— 

c^    CO     CO     CO 

CO    CO 

CO    CO    CO 

73 

f2  «  o  w 

m   io 

»o   »o   »o 

CN    CN 

W    CN    PI 

'o 

>&! 

G) 

CO   o  •** 

OS    CO 

O    rp    cs 

CO     >-H     O 

co   i-- 

CO    i-h     CO 

09    O     ■"*■     i-l 

O    i-i 

l-H     CO     "^ 

b©   ci   6 

CD    CO 

iO    iO    "5 

r£i     CO     CO     ""CH 

CO    CO 

CO    CO    CO 

o 

. 

t^-    CM    OS 

PJ     CO 

CO     O     CO 

"Si, 

G   W  O 

Tf       O       O 

l-H     CO 

Tf     CO     CO 

^    t-     CO     CO 

*o    CO 

OS    OS     CO 

5  03  — 

e  pi   w   pi 

g  ©   to   « 

PI  PJ 

PI   pi   cq 

G 

CO    CO 

o   tc>  c 

gas 

§ 

CD,-v 

T3 

SI 

v.,03 

bjo  cj  t« 

a»o 

r--  cn  -v 

P)    OS 

CO    -of    *o 

oN-' 

tj<   r—   m< 

T«      CO      CO 

6,    t-     OS     t-H 

iQ    CO 

O)    N    PI 

S3 -"^3 

a  pi   d   co 

W    CM 

PI     CO     CO 

ft 

CO     CO 

©    CO    o 

O 

Q 

T3 

coo 

O    CO 

O   o   o 

o  _ 

*5    PI     O     CI 

PI    o 

PJ    o    CS 

s§ 

■4-  >— 1 

1-1  M 

f-i     M 

s 

"rt 

© 

R    CD 
CD   CO 

* 

h5 

T3  w 

o  o  o 

o  o 

o  o  o 

.S3 

5   o  o 

C     "O 

o   o   o 

co    •*    ■* 

CO     CO 

CO     CO     Tf 

w  O 

g.q 

g 

s 

CO  ft 

1      *Q 

s 

i   i  £ 

..      ■      '•    fl 
+3       '       '    <d 

§    I  • '  > 

>  ■*  «:    o 

™      CD      CD      CL) 

<a    cd    tp 

s  11  I 

~     -.    ■— 

■Z.    ft    C- 

a  ft  a  a 

gSK  g. 

fe  N  ** 

2    O    CO    O 
^    CO     CO     ^ 

5        £ 

3 

OS  CO  *o  CO 

Tf*  CO  ">f  PI 

O  P)  lO  'J' 

pi  pi  os  co 


OS  CO  iO  CO 

1*1  OQ  rH  PI 

OS  CN  »C  ■* 

pi  pi  oi  co 


N    PI    ■*     M 

lO      l-H      TH      1^ 

CO    OS    O    i— 


©  H  N    U) 

OS  CO  >0    OS 

Th  iO  CO    CO 

pj  pi  pi  pi 


O  O  o   o 

o  o  o   o 

O  O  o   o 

CO  CO  CO    CO 


CO    00    CO    cc 
CO    CO    CO    CO 


CO    O    O    i-h 


CO     "H-     OS     O 

O    CN    C    W5 

t>.   co   tp   r- 


o  o  o  o 
pi  pi  pi  pi 


o  o  o  o 

O    CO    O    C' 


P   "S   rt   Q 


^  s  .a 


2  *  g  >? 

Ph  P  «  W 


182 


i 

i 

CO 

13 


OS 

O 

O! 

O 

Tf 

-* 

-f 

-*   ■* 

CI 

O 

OO 

00    00 

Tota 

i.i 

=3 

Miscel- 
laneous 
mill 
ex- 
pense 

■* 

<* 

-*« 

■^t* 

^ 

^f 

**« 

■^   -^ 

H 

o   « 

<N 

tN 

Ol 

o 

O 

Ol 

ci  ci 

*o 

©,  d 

p. 

>> 
.o 

Press 
cloth 
and 
mend- 
ing 

Q   : 

o 
—- 

CO 

o 

©  o 
o   O 
©    CD 

13 

o 

o 

o 

o 

o 

a>  a 

MS 

ci 

0> 

o  " 

CO 

■<* 

<3  d 

13 


CO 


IS--* 
CO  "^ 

©  •■-< 
© 


13 


52 

© 

52 


13 
52 


CO 

© 
13 


a 


OS 
OS 


B 

< 


t-  ta  cj 
tr1 


—  — -  ri  C3  G 


i^  C3  to  O 

S-.S-S 


ha 


.9§SS 
J  2     a 


a  a.S  g .2 


CJ    .  a 


s      a 


•dSSs 


«   m  »om          OO  ooo 

^  M    fl  t^    t-          io    10  o   »o    io 

OOtO  COCO              CNM  «     W     N 

=5o 

^*   0O    00  COCO            00    00  00    00    OO 

0     ,_■      ,_,  .-.rH                i-t     .-H  ,_.     ,-(     ,-. 

Ol     <N  Cl     Ol              Ol     CN  Cl     Ol     Ol 

J  «  m  coco    coco  cococo 

O  IN  Ol  Ol  Ol      N  IN  Ol  O  Ol 

=3d 

^    ON     Ol  Ol     Cl              CI     Ol  Ol     Ol     Ol 

OlMCN  Ol     Ol              CI     Ol  Ol     Ol     M 

Clo 

t  f  -f  «e*  tH    -frf  -r  -+<  -r 

o  co  co  coco    coco  cococo 

Q  ci  oi  oi  oi    oi  oi  oi  ci  oi 

OO  OO           OO  ooo 

fvj    ©     O  ©     ©              O)    Q  ©     ©     © 

O   CO    CO  coco            COCO  COCOCO 

(?_;_;  ^  _;       ^  ^  ^  ~  ~ 

OO  OO            OO  ©'    ©    CO 

r*^   OO  OO           OO  ooo 

C    ©    ©  OO            ©    ©  Q    Q    O! 

^S  co   o  oo.or-^  ccoo 

OO  Q    O            OO  OOO 

■    iO     i.O  to     O              IC    K]  iO    iO     iO 

ooo  OO          OO  ooo 

c;  = 

OO  CIO            OO  ooo 

^J  OO  OO           OO  ooo 

OOO  OO            <^    <=>  OOO' 

C5d 

OO  OO           OO  ooo 

b^    UOIO  IO    IO             >o    UO  iOiC«0 

o«   CO  coco          coco  cococo 

C)^^  ^     ^              ^     ,:,  ^     ^     rl 

^  O    O  O    O           O    CS  ooo 

OO)    IN  OJCN             CNCN  CI    Ol    (N 

Cld 

O   CO  o   o         <o  o  ooo 

*   >o   o  »o*o          io   >o  iO»OiO 

q  CO    CO  coco           coco  cococo 

C)  d 

OO  OO     OO  ooo 

^J  ©  o  ©o    OO  ooo 

<§d"-  ^^     "*•  ^  ^^"^ 

oo  ©o          ©o  ©©© 

^    CI     CI  CI     CI              Ol     Ol  CI     Ol     Ol 

o©  ooo         o  ■*  ©o© 

£  oi   o  o   -^         o   o  ci   x   o 


J-    +^     o 


a 

CD 
Q. 

5. 

~. 

CD 

Jri 

(N 

CO 

— 

^ 

O 

00 

ooo 

O    O    OO 
iO    »o    ^-l 


CI    Ol    Ol 


o  o 
o   o 

CO    O 


io    ^    m 

1^     1^    Ol 

CO    CO    CO 


OOO 
iO  iO  iO 
CI    Ol    Ol 


CI     CI     Ol 

Ol     Ol     Ol 

o   o 

CI    Ol 

■*  *  * 

rJ4      rp      Tt< 

rJH        -^ 

CO  CO  O 
CI  Ol  Ol 
Ol    CI    Ol 


0  O    CO 
CI     Ol     CI 

01  Ol    CI 


O 

CO    CO    CO 

CO     CO    CO 

CO    CO 

Ol    Ol    Ol 

Ol    Ol    Ol 

Ol    CI 

© 

2.28( 
2.28( 
2.28( 

2.28( 
2.28( 

00  OO 

01  Ol 

CN    CN 

O   ©   o 

-rf<     if     -rt* 

©  o  o 

rf     -#     rf 

o   © 

co    O 
O    CO 

o  o 


Oh© 


©   o   © 


o  o 
o   o 

o    © 


o    ©    © 
CO     CO     CO 


oi   oi   oi 


co    o   o 
iO    io    «o 

CO     CO     CO 


co    O    O 

m  m   io 

CO     CO     CO 


co    O 
CO     CO 


-    -    - 
©  ©  © 


Ol     Ol     CI 


t    t    Tji 

55? 

©    O    iC 
CN    CO    t- 

©    ©    © 

<N    CO    O 

O    "O 
©    t- 

p      p      CD    — 

a  c.  &  1  £,  — 


CO    00    o 

O0     CO 

CO    00    00 

r-       i-t       IO 

31  "*  ** 

■^  ■-* 

^    -V    r^ 

CO     CO 

CI    Ol    CI 

o  o 

C4    Ol    Ol 

© 

©  ©  o 

CO    CO    O 

© 

ooo 

Ol     Ol     30 

CO     CO     ^ 

° 

OOO 

Ol     Ol     I- 

>o   »o    iO 

O    O    00 

C-l     CN 

tN    d    Ol 

© 

Ol    Ol    Ol 

C4    Cl 

Cl    Cl    tN 

©  o  o 

o  o 

o    ©    © 

"*  -^   -^ 

"*   -f 

^  ^  ^ 

US     U3 

io   <o   «o 

o  o 

©  ©  o 

Ol     Ol     Ol 

Ol     Ol 

o 

Ol     Ol 

Ol     Ol     Ol 

o  o 

ooo 

o 

U0     UO) 

iO     iO     IO 

o   o 

©  ©  © 

©  © 

o   o  © 

Ol    CM    Ol 

Ol    Cl 

Ol     Ol     Ol 

o   o   © 

Ol     Ol 

Ol     Ol     Cl 

iO     iO     IO 

m   m 

IO    io    <o 

% 
o 

H 

o   o 

ooo 

CO    CO 

CC    CO    CO 

Tf      ->**      Tt< 

Tj<       ^ 

~rV     •#     -P 

© 

IO    iO    >c 

iO     iO 

©  ©  © 

©  © 

o   o  © 

w 

© 

w 

CO 

ooo 

o   o   o> 

ooo 

o   o 

ooo 

tj 

ooo 

o  o 

©  ©  © 

^: 

© 

O 

<1 

©  o  o 

o  o 

©  ©  © 

iO     iO 

CO     CO     CO 

CO     CO 

CO     CO     CO 

P 

!z; 

2 

-t4 

o  o 

<N     Ol 

Ol    Ol    Ol 

Ol    Ol    Cl 

© 

CO    CO 

co    O    © 

iO     iO     iO 

CO     CO     CO 

CO     CO 

CO     CO     CO 

© 

©  ©  © 

©  © 

©  o  o 

CO    o    © 

TfH      ■■*      *# 

-^     Tt* 

-^   -r   th 

© 

o   o   © 

©  o 

o   ©   © 

Ol     Ol     Ol 

*#   -^J*   ^f" 

TP     ■* 

Tj<   •**♦   -* 

Tt<       -^       -* 

TP    -H    •# 

■*     -rt* 

^       Tf       rf 

©  ©  o 

co    t— 

o   o   © 

Ol    o   o> 

o  r- 

Ol    O    CO 

©   in 

o   o   © 

CO    CO    © 

©    Ol 

00    O    Cl 

!  ^ 

'      I    c 

'        '     c3 

■■    :    i  &h 

c     -    ;  ■■ 

>  *      I   fl 

O    CN    CO     ^ 

w    w 

cj     g     «     g 

CD     to     tr 

£      fl       fl       M 

r^  a  c 

|   ^   «: 

drau 
8pr 
10  p 
12  p 

a  ^  hH  <d 

£       s 

CD 

w 

183 


3 


3 

^2 


^ 


S^ 


^  s 

n 

v3    O 

EH 

°o 

^     1 
<o    1 

o 

£<^ 

CO 

2io 

■S<^ 

CQ 

S^T 

^"-i 

u 

1< 

s>S 

& 

fe§ 

< 

^ 

5- 

■P  ^ 

^3 


2 


<; 


O    a    m    a 

s 

ci* 
O 

l     Oi    Oi    00 

00     GO 

1-1 

■"! 

""1  "^ 

^ 

G) 

-r  3—      o 

p    -*    -tf    -^ 

_ 

-#    ^ 

— 

ISf  *3 

b    -*     TF     -* 
°    tN     M     N 

CO 
OS 

CO 
OS 

s  3 

a 

|ja*a 

©  o 

Eoggc 

a     !     !     | 

i 

o  o 

OS-  OS 
(£>      CO 

J3 

HH-s«a~ 

Oil) 

q   i   :   i 

[ 

o 

*?  o  o  o 

[ 

b  go   oo   cm 

MS 

5  ° 

W 

C) 

} 

< 

b  r-   i--   cn 

°    QO    00    CD 

<N 

<N    CM 

£° 

o  o 

o 

,2    OS     OS    OS 

CTi 

OS    OS 

EH 

©    CO     "O     CO 

C5 

CO 

CO 

CO    CO 

1*2 

9  S  3 

<M 

c-i 

CM    CM 

fl 

g  OS    OS    as 

- 

OS 

OS    OS 

3 

©  o 

EH 

C) 

b   CO    CO    CO 

* 

00 

OO    00 

•a 

e 

3 

>> 

o 

C) 

■d 

C7> 

Oi 

OS     OS 

■O 

"3-2 

^    OS    OS    OS 

Oi 

OS 

OS    OS 

o 

o 

m-S 

^ 

^ 

R 

o 

O 

11 

Oi 

OS 

OS     OS 

U3 

iO 

lO   *o 

O     ,-H     .-H     r-1 

C) 

"co 

en 

CO    CO 

<r> 

CO     CO 

O 

^  a;   a  co 

Ol 

OS 

as   os 

H 

O    CO    CO    CO 

f>    Tt<     ^     ^ 

■^ 

"^ 

Tf        Tj< 

so   o    O    O 

o 

o 

o  o 

„ 

itin 
mil 
Iran 
ing 

0.05 
.05 
.05 

o 

o 

o  o 

3 

s 

Mo       o 

C| 

_j. 

»  a>    a>    C> 

S.2C-2 

OS 

os 

OS     OS 

o 

^  o  o  o 

o 

o 

o  o 

3 

©  o 
C| 

— ■■ 

o  o 

GJ.p 

em   m   « 

CO 

CO     CO 

£ 

KS 

C) 

£  a  .  s 

a  S  ►?  o 
~  o  <"  g 

a. 
>> 

<T5 

OS    OS 

=  d   cn    01 

CN 

<N 

CM     CM 

fr, 

J  •-      Q 

q 

J2 

Linte 
bag- 
ging 

ties 

lO 

iO     iO 

^    CO     CO     CO 

CO 

CO 

CO     CO 

« 

c^ 

a 

in 

(-) 

■d  S 

g£ 

b  o  o  o 

^  ^  ■*  ■* 

o 

■"* 

-*   ■*** 

C/3  3 

J?  ° 

£ 

Q 

T3^'  w 

CM 

cm  a 

£  ■  c 

&  -^  -*  -* 

Tli 

■^ 

T#       Tt< 

00  °  M 

©  -^  rj<  "^ 

M* 

■* 

T*H      -^ 

Q      ■*      Tt<      Tj* 

"* 

■^ 

Tf      -* 

£       13 

_^  o   O    iO 

O 

o 

o  o 

m—  9 

■g   N    O    N 

fN 

OS 

CM    O 

d  °  a 

►J        m 

^ 

-  _ 

cc    O    O    O 

- 

lO 

«   o   o   © 

O 

O    <M 

S^NH 

s 

'         •     CO 

i       i    C 

i       i    c3 

:    :  c^ 

S 

••    '    :  c 

§  *'    '  5  ■• 

*' 

*'     I 

>    CN    CO     O     co 

•— '     +a    ^i     w     ctt 

a>    <d 

ect  so 
Plan 
Plan 
press 

a  p. 

O    CM 

0             Ph  m 

>1 

CO    00    00 


>o 

O 

O 

CM 

t"- 

*o 

IO 

iO 

m 

m 

CM 

(M 

CM 

CM 

o 

"# 

■^ 

CO 

CO 

OS 

OS 

OS 

as 

OS 

OS 

OS 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

t— 

r- 

t^ 

»o 

■  - 

iO 

»o 

»« 

>o 

iO 

o 

t- 

, , 

,, 

t^- 

t-- 

t. 

r- 

— 

-f 

■* 

Tt< 

T*4 

o 

o 

00 

OO 

00 

y 

OO 

on 

CO 

CO 

CD 

CD 

CO 

CO 

CO 

o 

o 

O 

o 

a 

~ 

a 

o 

o 

o 

o 

o 

c 

o 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

as 

OS 

OS 

OS 

OS 

OS 

OS 

CO 

CD 

CD 

CO 

fO 

-t' 

-* 

"^ 

tH 

■* 

o  o 
o  o 


OS 

OS 

as 

as 

as 

as 

as 

OS 

as 

as 

as 

OS 

o 

o 

o 

c 

O 

o 

o 

o 

o 

o 

~ 

o 

o 

o 

o 

*£} 

*o 

in 

m 

iO 

CO 

CO 

CO 

CO    - 

CO 

CO 

CO 

OS 

r. 

as 

os 

~ 

OS 

CM 

CM 

<M 

(M 

O 

CO 

.,- 

<r> 

CO 

iO 

iO 

IO 

i(0 

m 

CO 

CO 

CO 

CO 

CO 

CO 

o 

o 

o 

o 

o 

o 

n 

o 

o 

o 

o 

o 

o 

o 

Tf 

rp 

-*}* 

"tf* 

•^ 

-±> 

o 

O 

CM 

CM 

CM 

CM 

tP 

TJH 

■^ 

■* 

^ 

TP 

Tt< 

ti< 

•^ 

■^< 

»# 

■* 

•* 

-* 

■* 

Tt< 

"<t< 

o 

CO 

o 

CO 

o 

N- 

o 

CN 

OS 

H 

OS 

CM 

CO 

CO 

iO    o 
r^  o 


r-      IM       M 


fcn     O     CD    i— i 


PH    Q 


OS    OS 

as   oo 

*C    .-h 


-*    -^    -^ 
CN    CM    CM 


o  o  o 

■OS     OS     OS 
cO    CO    CO 


iO     iO 

t^-     CN 

CO    CO 

CM 

CM 

CN 

o 

CO    00 

O0 

on 

CO    00 

OO 

QO 

CO 

ou 

CO 

CO    CO 

CO 

CO 

CO 

CO 

CO 

t-  r- 

t— 

I> 

1~- 

N- 

r^- 

CO     CO 

CO 

CO 

co 

co 

o 

as   as 

OS 

CN    cm 

CM 

-1 

O 

»o  *o 

>o 

tO 

»o 

VO 

iO 

iO    IO 

»o 

»o 

»o 

>o 

iO 

o  o 

o 

o 

o 

o 

o  o 

o 

3 

._ 

c 

o 

CM    CM 

« 

CM 

CN 

CM 

CN 

CD    CD 

CO 

CD 

CO    CO 

CD 

CD 

CD 

crs 

as  as 

OS 

OS 

OS 

OS 

OS 

CD    CO 

CO 

CO 

CD 

CD 

CD 

-*  -^ 

•^H 

N^ 

-* 

•■* 

Tf 

o  o 

O 

iO    >o 

<o 

iO 

in 

iO 

o  o 

—■ 

o 

o 

■_ 

o 

o 

as   as 

as  os 

as 

as 

as 

-- 

as 

o  o 

o 

o 

o 

_■ 

o 

o 

o  o 

iO    to 

iO 

iO 

in 

CO     CO 

CO 

CO 

CO 

CO 

as   o> 

CM    CM 

CN 

O 

CO     CO 

CO 

iO    »o 

to 

XO 

u-> 

iO 

CO    CO 

CO 

CO 

CO 

C'J 

CO 

o 

o  o 

o 

o 

o 

— 

o 

o  o 

o 

_ 

o 

" 

o 

■^    -^ 

^ 

•■# 

•^p 

-* 

o 

o  o 

o 

o 

o 

— 

o 

CN    CM 

CM 

cq 

-1 

CN 

"^    ^ 

•* 

■*p 

-* 

■-^ 

Tt* 

Tp      T}» 

"^ 

■^ 

■^p 

"* 

** 

o  o 

o 

CO 

o 

OS 

O 

CM    O 

cm" 

OS 

CN 

— 

o 

o 

CIS 

m 

AS 

o 

CD 

m 

8? 

= 

M 

Pi 

1 
00 

p, 

U 

P< 

p. 

Qi 

£ 

-■ 

ft 

o 

CN 
CN 

CM 

t-l 

Pn 

3 

CO. 

>, 

H 

184 


Tt* 

M*    tH 

CO 

-. 

OS 

CO 

CO    CO 

ri 

*0 

iC 

'-H 

rt     !— i 

rH 

r-i 

*"" ' 

^ 

1-1     rH 

•   ^ 

■^     -* 

-+ 

CO 

CO     -* 

CI 

CM 

CN 

OS 

O 

I   o 

■   as 

.   co 

[ 

i    o 

o 

cm 

on 

on 

CO 

•^ 

■^ 

o 

IO 

,.- 

o 

o  o 

co 

CO 

CO 

CN 

CM    CN 

o 

1", 

»o 

io   uo 

CO 

CO 

°2 

00 

CO 

CO 

CO 

CO 

CO 

CO     CO 

© 

OS 

OS 

as 

OS    OS 

o 

<c 

o 

,o 

CO 

CO     CO 

o 

o 

o 

o 

o 

o  o 

CO 

on 

00 

/     / 

CO 

CO 

CO 

CO 

CO     CO 

" 

^ 

*■• 

^ 

rH  rH 

o 

o 

o 

o 

o  o 

CN 

CN     CN 

CI 

CN 

CN 

CM 

CN    CN 

CI 

CN 

CN 

CN 

CM     CM 

CO 

- 

ea 

CO 

CO    CO 

CO 

CO 

CO     '" 

© 

© 

OS 

CS 

OS    OS 

©" 

crl 

..- 

CO" 

CO    CO 

-^ 

Tf 

rr 

o 

o 

o 

o 

o  o 

ui 

lO 

iO    io 

o 

o 

O 

o 

o  o 

o 

Oa 

cr 

-_ 

© 

cs   as 

cs  as 

o 

3 

r 

© 

o  o 

o 

o 

o 

o 

o  o 

>o 

u-i 

iO    iO 

CO 

CO 

CO 

CO 

CO     CO 

1-1 

""" 

" 

— 

r-l     rH 

a> 

oa   as 

CM 

CN 

CN 

CN 

CM     CM 

o 

CO 

■r. 

<n 

CO 

CO     CO 

CO 

CO 

CO 

CO 

CO    CO 

o 

o 

o 

- 

o 

o  o 

o 

:-. 

. 

o 

©  © 

^r 

tT 

xf    Tp 

o 

o 

o 

o 

© 

©  © 

IN 

<N 

CN 

CM    CM 

■* 

-=}< 

t 

"*f    *4- 

■*F 

Ttl 

^f 

■^r 

Tj<       ■* 

-t" 

"^ 

**• 

rf 

Tli       -*J* 

o 

CC 

CN 

IO 

co     © 

ci 

OS 

r- 

— 

CS    CM 

Tt* 

o 

©     T 

CO 

■v 

a 

ft 

!   w 

d 

1  5. 

> 

.. 

..  * 

CN 

o 

> 

CJ       C 

o  12 

- 

a 

a  c 

-  c  3 

ft 

Ph 

p* 

SS  s 

CM      g 

£  5 

CQ 

CS 

OS 

' 

00 

Ot) 

00    CO    00 

io 

■^l 

•>* 

= 

- 

■*     Tf*     rf 

s 

CO 

CO 

© 

© 

© 

o  o  o 

O    eo    CO 

© 

© 

o 

o 

I     !     ! 

CN 

T$> 

■* 

M 

1       1       1 

© 

!     1     ! 

iO 

iO 

n 

©  ©  © 

r- 

CM 

CO 

00 

© 

CM 

CM     CN     CM 

© 

r- 

t- 

r- 

t^ 

r-   t^   r~ 

CO 

CO 

CO 

CO 

CO 

CO     CO     CO 

00 

on 

CO 

CO 

on 

CO    CO    CO 

© 

© 

- 

- 

© 

© 

©  ©  © 

© 

CM 

CI 

CM 

CN 

(N 

CM    CM    CM 

© 

.. 

© 

© 

o   ©   © 

© 

CO 

CM 

CM 

CM 

CM 

CM    CM    CM 

© 

<™S 

©    ©    © 

CM 

CM 

(N 

CM     CM     CM 

CO 

CJ 

CO 

CO 

CO 

CO     CO     CO 

CM 

CN 

CM 

CM 

CM 

CN     CJ     CI 

CO 

.- 

CO 

O    co    eO 

m 

OS 

© 

OS 

© 

© 

^-* 

co 

CO 

CO' 

© 

©    ©    CO 

^v 

rr 

■^ 

CJ 

©    ©    © 

»o    »o    tn 

© 

© 

© 

© 

© 

©    ©    © 

© 

©    ©.    OS 

OS 

cs 

© 

OS 

<TS 

© 

© 

o 

© 

C 

o   o   © 

© 

o 

iO 

l.~ 

o 

in 

iQ    iO    iO 

CO 

co 

CO 

CO 

CO 

CO    CO    CO 

OS 

~. 

CM 

CM 

CM 

CM     CI     CI 

© 

© 

.- 

CD 

CO 

CO 

©  ©  © 

IT, 

iO 

CO 

CO 

CO 

CO 

CO 

CO     CO     CO 

© 

o 

o 

©  ©  © 

© 

= 

s 

© 

o 

©  ©  © 

**l 

■^ 

-f 

■*     *#     Tt< 

© 

s 

o 

©  ©  © 

CM 

CJ 

(N     CM     CI 

■* 

-# 

-*1 

■■* 

■Tj" 

tH      *&     -V 

~v 

Tf 

"* 

■«" 

~V     -rp     •$> 

■* 

"** 

■* 

T 

■*. 

^   ^i   ^ 

o 

o 

© 

© 

CO 

©   ©   © 

CN 

CS 

© 

CM 

- 

o    ©   © 

o 

©   ©   © 

c 

© 

- 

IO 

©   ©    © 

■^ 

■f< 

CO 

CO 

CO    co    -^ 

■\ 

T 

[ 

io 

fl 

c3 

ft 

I 

! 

fl 

©  * 

io 

> 

2 

w    w 

w 

..www 

.H    cu    a*    oj' 

£  o 

C 

w 

a  ft 

ft 

3    ft   ft   ft- 

P- 

ft 

==  ^ 

^*" 

go©© 

>, 

q 

Pm 

01 

© 
© 

© 

— 
— 

© 
© 

CN 

CI 

CI 

CI 

CO 

CO 

CO 

as 

© 
CO 

© 

© 

- 
as 

© 
© 

to 

to 

© 

© 
rf4 

't;   co    5" 
cm   as   ci 


i-^  r-  i- 


©  ©  ©  © 


io   m   uo    >o 

©   ©    ©   © 
©   ©   ©   © 


©   ©   ©   © 


©   ©   ©   © 
io    «o    »o    »o 

©  ©  ©  o 


©   ©   o   © 


©  ©  ©  © 


o    ©    ©    © 


©  ©  ©  © 

o   ©   o   © 


ft  = 


ci  GJ  ^ 

„  5  o,  £ 

d  ..  <o  ft 

-  S  u  ■* 

m  o  J-  S 

m  <r>  a,  3 

£  ■"  >  f5 

S  fl  OT  w 


26053SV— 54- 


-13 


185 


e 

00 

S3 


13 


a 
••S  o 

"e  I 

oo  >^ 


IS" 

^•3 

"J* 

is  § 
<» 

oo 

© 

to 

<» 
Si 

& 


I 


00 

© 

IS 


a 


►J 

PQ 


__, 

^H 

-T 

cC 

W.S     " 

fs    H/ 

CO 

CO 

■X1    r 

O 

£    « 

CO 

CN 

C 

CO 

-^ 

■^ 

«*" 

-a 

*co 

d 

• 

o 

fH 

■20-sSs 

iC 

o 

CN 

3^  doo 

o   CO 

so 

CO 

to 

M    N            CC 
CO    CO           ■»* 

CO 

d  ~ 

1-1 

"^ 

5 

"3  i 

*5    "* 

M 

CO 

CN 

CN    CN            C" 

eO   CN 

Is  ° 

o 

o 

O 

o  o        c 

O    O 

§'■§& 

o  o 

o- 

o 

O 

o  o        c 

O    O 

CJ~ 

q 

■     W   0   rj 

*»  o 

CO     CO              O     -rt 

M     ■* 

o 

h*. 

<N 

*P    CN            O    «    * 

-*■  K   O  OT 

d 

O 

«o    OS 

1C 

CO 

t- 

r-   co         c^ 

O    OS 

.Ss>» 

CO 

CN     CN              C 

CN     CN 

o  ojr 

O    O 

GO   W 

q 

iC 

t— 

■^   t- 

OS 

CO     00    CO 

.2  cn 

O 

N     H              C> 

r- 

H 

Jo   00 

00 

h- 

t— 

CO    CO             — 

CO 

■r- 

CO 

2  «  & 

iO 

•*} 

iO    »0            W5    if?    »0 

o 

©  o 

a. 

te- 

Cl 

>> 

cs    w 

"3 

in 

1-- 

»C     O              00    CN     OS 

3 

CO 

CN 

CO    CO            (*■ 

CO    CN 

3 
■g 

o  o 

3 

*  o 

o 

o  o         o  o  o 

Tt* 

•* 

^JH       TJH                      « 

T 

o 

'm 

>> 

$  tic 

p2  ^ 

"* 

^ 

■^     ^t*               Tf 

^t*    t*< 

© 

*5     t^ 

CO 

IS 

00    N            i- 

o 

■w   •*         ^ 

■d 

-2  ° 

o 

c 

o 

O    O           CJ 

o  o 

& 

u 

q 

a 

.2  u. 

on 

CN 

o           <= 

CN 

00 

•0 

OS 

OS 

o  S 

-2  ■""' 

r- 

A 

a>  o 

O      T-t 

3 

3a 

q 

a 

13 

■  -*■  a  t. 

00        ■ 

00    G* 

"8 

og|5 

«Sg.2 

'o      ' 

o 

CO 

CN 

i— 1 

»o  r- 

CC 

o 

d 
o 

S'Cippea 

M.9  B.,2 

*6   io 

iO 

'- 

CO 

oo  a 

,_, 

P. 

o 

C3 

^2  ro 
o  o 

CO 

p. 

CO 

CO    CO              CO 

Pi 

CO 

W 

Q 

O 

O 

• 

Or,     O 

CO 

OS      Tt 

CC 

"* 

■a  o 

c 

o 

•"• 

r- 

iO 

CO                CC 

CC 

CN 

£ 

0 

CO 

CN 

er 

CN 

■^r 

cr 

CO 

so  OS 

OS 

m 

M    N            C 

cr 

•**• 

rt 

r- 

co    a 

CO 

*Q 

OS 

co  o         ": 

oc 

I— 1 

£* 

IT- 

CO 

r~ 

iO    CO            "~ 

*r 

CO 

3       —  S  © 

5  s  3  s.= 

«,o  3  o 

°5    00 

^ 

CN 

«    h             CN 

cC 

rH 

«*P    *o           ^J 

cr 

*o 

.2  co 

CO 

CO 

•* 

CN    CN             CN 

o 

CN 

o  o 

C) 

oo 

•**<    O            CC 

CN 

3 

a> 

CO 

CO    o             "" 

rx 

iO 

i« 

CO 

•^    tf3            ^ 

>C 

5 

03 
EH 

*o  o 

^ 

0> 

r-   r-         c*- 

CO    OS 

CN 

OS 

in 

*C>     l-                IT 

CC 

r- 

*o  c^i 

CO 

c* 

CO 

CN    O 

0 

o 

CN 

C 

0 

as 

00    OS            — 

*r 

-2  t^ 

o 

CO 

CO    «r 

CN 

•<9 

iC 

o  c<i 

CO 

e>» 

CO 

CN 

Go 

=5 

'• 

3   ; 

5 

E>      i 

:  g 

# ' 

c*>     > 

i— 

oi    m 

••      w 

*rr 

CO 

s  § 

0    S 

S3 

a 

a 

a 

"3  £ 

a. 
P 

03 

0, 

^ 

*  s 

PLh 

CN 

CO 

-c  ^ 

CO 

00 

£ 

(5 

H 

CN     i-H     "^ 
00     00     -h 

ifl    N    M 


H    X    iC 


CN    CO    O 

CO    CO 

■^ 

r- 

iC    CD    OS 

■**    Tt< 

CO 

CN    CN    CN 

O    ©    © 
©    ©    © 


oc  m   h 

N     M     fi 

co   N   r- 

•^    CN    © 

CO     1C 
CO     ^ 

© 

CO     t3-     I- 


©       T^       00 

CO     CO     CO 
CN     i-H     ^-t 


CN  OS  O0 
IO  N  » 
CO    CN    CN 


©    w    t- 

iO   ©   r- 

CO    CO    CN 


©  ©  © 


I—    t-    to 


CO 

CO 

Tt< 

■* 

CO 

CO 

o 

O 

o 

- 

© 

I     U0 

m 

i     CO 

CO 

i    00 

CO 

-* 

t» 

1  © 

i-     r-l 

^ 

»o 

CO 

r**> 

CO 

CO    CO 

CO 

CO 

CO 

CO 

00    CO    CN 

m   ©  co 

N    iO    h 


CO 

OS 

CO 

CO 

00 

■^ 

OS 

oo 

r: 

as 

OS 

OS 

■^ 

CO 

© 

iQ 

t* 

iO 

CO 

iO 

M< 

»o 

iO    - 

^ 

^ 

M 

■^ 

OS 

on 

© 

CN 

CO 

CO 

CO 

CN 

CN 

CN 

CN 

CN 

<N 

t--    M*    OS 
CO    i-t    *o 


00    CN    CN 
•^     ©    iO 

T-t     CO     iO 


r-   ©   io 


CN 

CO 

CD 

00 

CO 
OS 

c 

CO 

S 

CO 

© 

CN 

CN 

CN 

■    *"H 

CN 

CN 

*""' 

CN 

•—  *j  *i  «  <c 
9  3  3  w  t 
"33" 


2  & 


W  Cfl  w      i 

4»  CD  CD    »S  cd  Cp 

«-  >-  "-      -  '—  '- 

—  —  ^-    -  c  c. 

CN  CO  "^    m  CD  00 


00    ©    o 
iO     CN     00 

CN     O 

CO    CO 

30    CN     OS 
00    t-    CO 

—     _i     © 

O    © 

©  ©  © 

CO     CO     © 

00    O    w> 
to   os   co 


00    CN 


o   ©   .—I 

CO     iO     CO 
00     CN     r-t 


W    ^    w  ©    © 


O    i-t    i-H 


CN    CN 

©    © 

©    © 


CN    CN     CN 

©    ©    © 
©    ©    © 


CO     IO 

©    OS 

rH    © 


00  iO  © 
ITS  ^<  CO 
CN    CN    CN 


t^  r-  cd 

U5    iO    iQ 
»C    IO    iO 


©  ©  © 

iO    iO    o 

o  o  <o 


©  ©  © 

■u1   ^r   Tf 


o    ©   © 

If   1<   f 

■*t<       ^       Tf 


IO    iO    CO 


CO 

os   r>. 

u-> 

-<- 

— 

© 

©   © 

— 

>0     Tf     © 


©     -rj* 

©     iO 

CO 

CO    CO 

©     iO 

-<** 

CO 

CO 

CO 

CD 

CN 

CN 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CN    CN     CD 
CO    CO    © 

H      H      IO 


CO    CN    CN 


■^    iO    ^ 


©    ©    CN 

©    ii    •«** 
CN     CO     CO 


SCO     -* 
CN     iO 

00     CO     © 


CD  CN 
iO  iO 
I—     © 


CN     i-l  rH     i-i 


CN     CO 

C      C 
03     C3 


cs    O  ra    o 


186 


*¥ 

r^ 

00 

t^ 

© 

■^ 

r- 

r» 

o 

OS 

o 

© 

© 

o 

o 

CO 

OS 

2 

Si 

OS 

s 

m 

00 

r- 

o 

rH 

-* 

~ 

o 

© 

~ 

© 

o 

""* 

CM 

CM 

© 

O 

o 

o 

o 

_ 

o 

_ 

o 

o 

o 

3 

ro 

00 

m 

H* 

o 

CO 

_ 

rH 

»"H 

o 

CO 

o 

io 

on 

<-> 

o 

OS 

3 

CM 

CM 

CM 

o 

,_, 

U3 

CM 

CO 

r-» 

CO 

CM 

CM 

CN 

O 

CO 

T* 

H« 

m 

lO 

in 

in 

lO 

«3 

iO 

lO 

m 

m 

o 

in 

rP 

!>. 

s 

r» 

CO 

i*- 

CM 

CM 

IN 

CN 

CM 

o 

o 

o 

O 

O 

o 

T* 

* 

Tt< 

•«*< 

■* 

•V 

•^ 

Tf" 

^ 

•* 

OS 

■* 

IS 

© 

u~> 

CM 

CM 

O 

O 

© 

O 

O 

o 

© 

o 

00 

OS 

OD 

CO 

© 

o 

CO 

CO 

© 

"" 

1-1 

<N 

or, 

o 

CO 

OS 

3 

m 

o 

© 

_ 

<M 

OS 

OS 

CO 

CO 

CO 

CO 

o 

CO 

ro 

t- 

00 

r- 

CO 

m 

lO 

t* 

rH 

CM 

cm 

*■■ 

CM 

cm 

1-1 

CM 

CI 

OS 

CO 

OS 

© 

m 

CO 

CM 

CO 

in 

CO 

•* 

*tf< 

CO 

CO 

CO 

CO 

-i 

h- 

ID 

m 

CM 

CO 

m 

r- 

cm 

CM 

CM 

o 

m 

© 

CO 

h- 

O 

Os 

© 

CM 

CO 

CO 

CM 

CN 

o 

. 

CO 

l_l 

^ 

<# 

CO 

CM 

t— 

m 

^ 

CO 

o 

05» 

■V 

co 

■*f 

CO 

1-1 

CM 

1-1 

lH 

^"* 

•— i 

1-1 

t^. 

in 

■»f 

Tf 

CO 

r* 

on 

CM 

•n 

■v 

00 

t- 

CO 

»c 

"«< 

• 

CO 

G 
S 

C       ■ 

t» 

>   N 

CO 

O 

Y2   • 

' 

o     <3 

« 

CD     w 

a> 

C3 

o 

Q. 

d  a 

P. 

2^ 

Ph 

Q, 

IO 

^ 

P 

£ 

r>> 

CM     CM  — i     i-t 


co   r- 

CO 

CM 

Tf 

in 

CO    t-. 

r- 

O 

Ol     OO 

or. 

CO 

OS 

Os 

OS 

F-t 

CC 

cm 

s 

CO    o 

OS 

o 

<-H 

M< 

OS    CS 

00 

OS 

OS 

OS 

OS 

rH 

IN 

IN 

o  o 

z 

o 

C5 

b 

o  o 

© 

o 

CO 

- 

o 

o 

CO 

CO 

o   as 

OO 

or. 

rH      O 

_ 

o 

© 

OS     CO 

00 

CO 

-.- 

p 

00     K 

r— 

CO 

o 

- 

Cs 

o 

CO     00 

^ 

r- 

CO 

CO    o 

CJ 

CO 

OS 

CO 

CM    CI 

CN 

CM 

CM 

o 

("»     CO 

CO     CO 

CO 

CD 

■. 

CO 

m   in 

m 

in 

m 

•■■ 

m 

o 

CO    CO 

co 

r>- 

-*• 

m   ^** 

5 

■* 

CO 

CO 

c.  cm 

CM 

CI 

CM 

CM 

o 

o 

o 

«r 

^p 

■^    tt< 

■"# 

■* 

tp 

■* 

■*     CO 

CO 

CO 

00 

on 

CO 

o  o 

o 

o 

o 

o 

o 

o 

t*-    00 

CO 

OO 

■«f 

CO 

in 

«,- 

■**♦ 

o    r>- 

_■ 

o 

CO 

r^- 

r- 

*■* 

1-1 

r,    r- 

m 

ir    m 

CM 

OS 

OS     OS 

CM     CM 

CO 

CO 

CM 

CM    CM 

o 

cn   m 

CM 

CD 

CM    CD 

co   r— 

S 

r-<    f^> 

t-» 

CO 

C)     —i 

CM     — < 

rH 

r-. 

CM 

CM    CM 

O    i-( 

in 

t- 

-^* 

»n  co 

o   r- 

OS 

O 

t- 

—   — . 

CO    CO 

n 

CO 

CM 

CO     CO 

co    co 

r- 

l>- 

CM 

c~>   r^ 

r-   co 

■«f 

■»f   ^ 

o 

f>- 

co   as 

CM    CM 

C4 

CM 

CM    CM 

o 

m   cm 

CM 

00 

CO    00 

■X     CO 

CO 

r-- 

m 

CO    ■**■ 

CO 

CM 

■^   rf 

CO    OS 

CO 

t-- 

I—      Tt* 

-*    OS 

OS 

tP 

CM 

CM     CO 

1    ^ 

'5  a, 


t-     t-    3 


a  u  c. 


00 

a-. 

OO 

CM 

OS 

CO 

00 

■^ 

Tt< 

f 

1*" 

CD 

or. 

CO 

00 

00 

GO 

CO 

CO 

_ 

■^f 

t-H 

m 

CO 

CC 

■V* 

r* 

00 

00 

OS 

00 

00 

00 

CO 

OS 

,_, 

CM 

CM 

CO 

a 

1 

' 

o 

o 

o 

o 

o 

o 

CO 

»n 

^ 

CO 

CM 

OS 

cs 

00 

o 

o 

o 

o 

o 

CD 

1 

_ 

no 

CO 

CO 

■^ 

in 

OS 

00 

00 

o 

CO 

b» 

ro 

■* 

CO 

CO 

CO 

CM 

CM 

-' 

CM 

CM 

CM 

CM 

o 

CO 

CO 

CM 

CM 

CM 

CO 

m 

in 

»n 

in 

<." 

in 

©' 

__, 

in 

r- 

rH 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

o 

O 

O 

o 

© 

■^ 

•*T* 

•«P 

"5* 

-* 

"* 

•«* 

t- 

m 

m 

o 

© 

o 

o 

o 

o 

^ 

•* 

CO 

t^ 

CO 

CC 

CO 

CO 

OS 

o 

© 

OO 

o 

*"* 

©  CO  CO 
©  ©  CI 
©     CM     CO 


co  m 

„ 

^    tH 

© 

CM     CM 

CO 

■r. 

CM 

CM     CM 

© 

»n   r- 

CM    © 

s 

t-   m 

r-  oo 

in 

--tf 

CM     •— i 

T-H       W 

rt 

1-1 

CM 

CM     CM 

■***    CM 

■^ 

in 

©    CO 

cm   m 

in 

co   r- 

t-  © 

CD 

00 

in 

CM    CO 

CM 

CM 

CM 

CM     CM 

r^-  os 

^ 

m 

CD    © 

CO 

CO 

CO     CO 

© 

CM    © 

»n 

2  S3 

CM    CM 

CM 

cs 

CM 

CM    CM 

© 

■**•     CO 

©  or. 

©     CO 

CC    00 

t^ 

CM     CO 

CO 

CM     CM 

_,     ^ 

s 

t^ 

»>■ 

©     CD 

b- 

CO 

■**   O 

© 

© 

©     *-* 

•a  M   ^ 


a  t  a  3 


8  8 

fc-  t-  (- 

o.  a  o. 

©  CM  -*< 

CM  CM  CM 


Q  Ph 


in 

CO    ■* 

CO 

CM 

m  co 

m 

rH 

CM 

CO       Tf 

00 

CO 

CO 

00 

CO    CO 

in 

m   ^ 

© 

© 

~H      CO 

m 

■^p 

"V 

CM 

CD    ■* 

00 

00 

CO 

CO 

00    00 

rH     CM 

© 

■  1 

© 

o 

© 

© 

|N. 

in     rH 

h- 

OO 

r-  © 

© 

o 

© 

© 

©    rH 

© 

t--   r- 

© 

■*H 

M* 

in 

-hh   r>. 

© 

oo 

00    ^ 

Cl 

CM 

CM    CM 

© 

■**   CO 

©   © 

in 

in 

m 

m 

m   in 

© 

„. 

m 

©   ■■* 

CO 

CM 

CM 

CM 

CM 

CM    CM 

© 

o 

©    © 

-f 

35 

** 

1-1 

*^ 

"** 

rH     1— 1 

h- 

m 

©     ■-** 

© 

© 

o 

© 

© 

© 

00    © 

© 

1^- 

© 

© 

© 

1-1 

^ 

© 

r- 

© 

©      > 

CM 

M 

© 

C*        i 

© 

m 

m 

00 

CO    CO 

CM 

CM 

CM 

CO 

CO    CM 

© 

r>- 

CO    © 

r>» 

©   in 

00 

in 

■* 

m 

■**     rH 

1-1 

1-1 

rH 

1-1 

?-<,     CM 

© 

s 

©     rH 

~r 

OS 

CO     © 

© 

00 

© 

m 

OO     CO 

CM 

CM 

CO 

CM 

CM     C< 

m 

h» 

rM 

CO 

Cl     t- 

© 

CO 

"Tf     CM 

© 

!_, 

© 

CC    00 

CO 

in 

CO     © 

CM 

CM 

CM 

CM 

CM     rH 

O 

in 

© 

CM 

"^     © 

CM 

on 

OS 

©     © 

CM 

CM 

CO 

•— < 

CM    © 

1-1 

^ 

rH 

F"1 

rH     rH 

h» 

', 

r- 

CO     © 

© 

•H 

CM 

© 

rH     OS 

,H 

rH 

rH 

rH 

1—1 

,! 

"»f 

c 

C3 

Ph 

I     cu 

d 

'.  a 

CU 

"3 

-f 

1Q 

.  .      • 

1       HH 

cv     qj 

d 

0 

a  a 

a  d 

Q. 

CU 

Ph 

Ph 

*  2 

£  5 

o 

to 

r-l 

■«  *t-t 


187 


'e3  .3 


cc 


■2  Qs     v- 


r- 

t~- 

t-     .-H 

•3-c  ~  ,9  ° 

KMCgtS 

&« 

'"- 

CM 

c 

-tf 

«*     CO 

on 

cc 

CO 

CO 

CO   cc 

« 

o 

o 

H 

10  o-S  S  ^ 

s  ^ 

on 

OS 

t^ 

~ 

ox 

uO     CM 

.s  x 

O 

c 

CO 

■* 

f^.    CO 

c^al« 

(=1 

d  i 

=0 

b  c 

o 

c 

n 

o 

o  o 

gas 

o  c 

o 

O 

o 

_ 

o 

o- 

<3 

'  w  C  C 

■BaSJ 

t- 

lO 

r-  co 

b  °c 

i  - 

cr.    os 

S  c 

o 

O 

o 

o 

o  c 

&egs 

o 

«o  o 

.Sa>> 

— 

CO 

r~ 

CO     CO 

o  o  -^ 

o  <D-r 

o   C 

CO  w 

q 

.  e  w 

&a   ir 

1>H 

— 

r-- 

-^ 

lO   o 

3  o  o 

CO 

CO 

-H        O 

CM 

CM 

CM 

CM 

CM    CM 

3 

a  °  ° 

a 

o 

£ 

l»- 

CC 

o 

-* 

s  s 

03 
ft 

o  o 

"'. 

*ra 

"■ 

lO    lO 

>> 

m 

Cl 

0 

so    — 

o 

Ol 

■^    CM 

^8 

CM 

CM 

CM    CM 

o  ■ 

8   CM    CM 

<N 

CM 

ct 

CI 

CM    CM 

O 

- 

o 

o   — 

b  ■" 

— 

^ 

■* 

Tf      -ef 

>> 

q 

** 

■v 

■* 

■^ 

Tfl 

^f     Tf 

^3 

(-> 

so  ec 

CO 

ir> 

oc 

, 

CO 

CO     CM 

o 

-2 

r2    C 

o 

o 

o 

o 

o 

o  o 

1 

& 

T3 

i3  a; 

so   c 

m 

nn 

CO 

CO 

CO 

CO     iG 

A 

(M 

I-    l^- 

p 

o  ^ 

o  d 

o 

ri  & 

^ 

TJ 

03 

o  c  s  ° 

CO     Tp 

o 

fiijl 

=5 

© 

S  i_  up  ea 

So     Tf 

"<?■ 

■^H 

^ 

or. 

CO 

CO    CO 

o 
O 

o 

.a 
i-3 

o  c 

Cs 

cm 

as 

CM 

CO 

CO 

CM 

Ol     CM 

< 

00    r- 

00 

r^- 

«3 

o  o 

»o 

lO    -t< 

t3  S 

-^ 

«2 

'f 

1-1 

O    O) 

£ 

O   r- 

eo  c- 

«3 

« 

CO     t-i 

OO 

-r 

^ 

to   r^ 

o 

fN 

CS 

Ol 

CM 

CM 

CM    CM 

q 

t-  o  a  ~  fc- 

c  2  H  ■a  •= 

w  S  3  C  — 

t^ 

... 

<r>   »c 

»c 

CO 

CO 

CO     CO 

"S  c 

(=1 

,r 

CM 

o 

■^ 

r^  co 

oj 

a 

03 

B   C 

cs 

CI 

CM 

CI    CM 

03 

Ph 

el 

C| 

,  1 

CO    c" 

tn 

O 

nr 

CM 

to   oi 

CM 

rn 

C     CO 

<N 

CO 

.5 

q 

2§ 
as 

CO 

r-K 

^C    CO 

r-   ^-< 

o 

Ci 

O 

o 

O      ^H 

Cj   C3 

o  c 

fi'3 

d 

- 

iO 

on 

P-H 

^" 

CI 

s 

P  ^r 

#' 

lO 

o 

$  % 

s 

«    <£J 

CJ     cu 

8  1 

- 

3  a 

- 

a  a 

ft 

ft  ft 

: 

§  p- 

- 

^  S 

•^ 

CO    o 
CO    ^Ji 

j- 

c 

t. 

^1 

fi 

Ph 

TJi 

W 

OS     ^ 

o 

t-  t^ 

t- 

CO 

lO     i-* 

- 

,_, 

O)    -sp 

t^  t^ 

t^ 

00 

w 

o 

o  o 

s 

o 

o 

^-(   t- 

_ 

[  - 

CJ 

o  o 

o 

o 

o 

OT1 

CO 

CO    CO 

CO 

iO 

I-H 

c; 

UZ     l« 

^H 

■* 

CO     CO 

m 

CO 

CM     CM 

CM 

CM 

o 

r^ 

CO 

CD 

»C    iC 

»o 

*o 

o 

o   <c 

CO 

CM 

CM    CM 

CM 

CM 

CM    CM 

CM 

CI 

O 

o 

-TJ4     -rf 

— 

rH 

rp    "^ 

.-<    .-i 

1-1 

1-1 

>o    CO 

CO 

CM 

o  o 

_ 

O 

o 

CM    Oi 

OS 

o  r» 

CO 

o 

h- 

OS 

CM    CM 

CO 

CM 

O 

H 

-# 

>0      Tf 

CO 

1-1      "^ 

1-1 

1-1 

i-  ^r 

m 

CO 

rn 

CO   c< 

CI 

CM 

OI    CI 

CM 

CI 

en 

"<* 

-rf      TT 

CI 

CM 

o 

t—    CM 

1^. 

Ci    OC 

OJ 

CO 

o 

CM     CO 

... 

o 

lO 

o  o 

■_ 

o 

1-1   — ' 

1—1 

1-1 

«C    OJ 

CM 

O     OC 

rM 

d    CO 

OS 

o 

*•   i 

*         1 

1 

H  » 

■j 

5  H 

K 

*' 

Ph    03 

C     ■■ 

ft 
CO 

03 

ft 

OJ    -^ 

>   c 

M< 

'o    > 

C3 

ft 

3 

CJ     4J 

03 

G   <u 

XJ 

o 

CO 

>> 

£  S 

w 

18» 


r^ 

p    Ci 

m  ci  0 

Cgu 

o 

r*.   1C 

O     CN     Ci 

ts. 

CO    CO 

to   lO 

1-    V     M 

sgi 

q 

■<3t3 

© 

z 

bo  , 

CI  03 
—    O   l_i 

>»co  o 

TP 

tft 

;_,   ,_, 

m   in   is. 

m 

lO     CO 

CO    O 

c  a  00 

*0   ° 

m 

CO     "TP 

CN    CO 

O    OO    Ci 

c3-w,Q 

fe^ 

CO     CO 

ftfl   c3 

O  S  rt 

i-  g  a 
°  £  ° 

3 

P5^ 

r^ 

CO 

tr    rr' 

Cl     CO 

CO     CN     CO 

«o   OS 

lO 

o   in 

O0     CO 

O    Ci     CO 

in 

in   ^ 

r-. 

r-   t^. 

r-  r- 

t-  1^  r- 

o 
Eh 

r- 

^ 

3 

ts» 

r-   r- 

00    CO 

00  00  00 

C 

a  O 

o 

w 

- 

O 

CO 

o  o 

0  0 

000 

O 

GOO 

o 

Ci 

o  o 

0  0 

OOO 

00    00 

00    00    00 

a 

a 

o 

Hi 

O 

q 

r- 

is. 

r-   t1- 

ts.   ts. 

t-    is.    b- 

co 

CO 

CO     CO 

CO     CO 

Co    O 

o 

o  o 

c_>  0 

OOO 

Is 

m 

m  "O 

>n   >n 

m  in  0 

CN 

CN    cn 

CN    CN 

CN    CN    CN 

C| 

IT) 

CO 

CN     CN 

co   r- 

CO     CO     CO 

to   <-< 

I  - 

CN    1-- 

0  r-- 

1-1  0  r- 

-2   ?M 

00   t- 

t-     t-     CO 

CO    CO 

CO    CO    CO 

o 

o 

T5 

tig  ^ 

=  3- 

CO 

CO 

co  r- 

^-1     CO     CO 

CO 

Ci     CO 

CN    CN 

m   co   ^ 

60    00 

5  s 

CD 

CO    o 

m   m 

Oi    CO    CO 

O 

co  o 

O   co 

CD    CO    CO 

T3 

"9  g 

Cl 

cj£^ 

•a 

o  o 

Ow 

q  w  o 

CO 

|s- 

CM    "* 

•**i   0 

m   tj< 

oo   00 
S    O 

OS 

O     CO 

«-<      O 

05    ©    N' 

3h^ 

Is. 

co    CO    co 

CO 

CD     CO 

CO    CO 

O    O    CO 

a 

g  c3-" 

*» 

opq 

q  r  o 

C| 

o 

Q 

■a 

O 

o 

CO    OO 

CO    -3* 

0  0  0 

o 

CN 

o 

Ci    ■* 

Ci     CO 

CN     00     CO 

5 

-    h-3 

*=; 

T3  to 

0   10 

©  t- 

*t> 

<o  o 

in  t*. 

TP    CO    00 

~  5 

3.Q 

O  -c?« 

S   GJ 

ra  ft 

<s 

o       * 

C   J       ' 

O    rH 

c* 

>.    H    CN 

CO   *         > 

co     to     to 
O      CO      to 

.2     W     to     to 

1    c    = 

to    C 

g 

p.  5*   5* 

rf      tj      fc;      Lh 

g    CN    CO 

c-   c  q,  a 

g  Ph 

Ph 

55  Ph  P-. 

^  ^  0  00 

Ih 

04 

0 

0 
CO 

>> 

CO 

in 

CO 

t^. 

-* 

1 

Ci 

fM 

CO 

10 

00 

CN 

■"■ 

CN 

■_ 

co 

Ci 

CO 

CO     00     t- 


t^i  t*   t^.   b- 


00    QO    N 

r-   r^  co 
t^.  t^  t- 


„     —,     ^4  CO    CO 

00    00    CO  00    00 


OOO 

OOO 

o   o   o 


/     /     ' 


r^  r-   t- 


t-   r^   r-^ 

CO    CO    CO 


■-H      O      .-• 


cf> 

m 

-CN 

t^ 

CN 

TP 

in 

CN 

CN 

Oi 

m 

co    CO    co 


CO     CO     CO 


CO      O      "«}4 

t-    1-1     CN 
CJ     CO    CN 


CO    CO    Ci 

CO     CO     CO 


0  0  »o 

OOO 

O  *o 

CN    CO    t- 

CN    CO    CO 

0  t- 

m 

O. 

£  £ 

2q 

0 

a  c 

ft   a 

- 

0 

<N    CO 

»  -o 

Ph 

CO 

W 

CN     r-.     -H 


r^  m   r-- 

00   CO    o 

hi     W     CO 


Tf  00  en  10  m 

.-t  b-  m  CN  CO 

O  Ci  Ci  in  co 

ci  od  t^  t^  t-^ 


O    O    ■* 


f-  OS  CN 

CO  O  f 

01  in  o 

wj  >6  10 


-s*    CN 

Ci   m 


O    CO    N 

t>.   r-   t-. 

cc    00 

CO    CO    CO 


OOO 


OOO 


^ 

f- 

Is. 

^ 

b- 

CO 

CO 

CO 

CO 

o-> 

co 

0 

O 

0 

CO 

0 

0 

0 

0 

uO 

m 

m 

.-. 

in 

CO 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

01 

CO 

m 

r- 

..,, 

^O 

^ 

rn 

CO 

CN 

ro 

33 

CO 

CO 

1-1 

t^ 

CN 

O 

1-1 

0 

0 

CN     t-l     .— 1 


I-*     CO     -* 


in   is.  co 
b-   co   ■* 

CO    CN 

Tt<   m 

"#■    CO    -o 

0   00   00 

CO     CO     CO 

CO    co    0 

CN    CN 

CO     CO 

CO  CN  CN 
CO     CO     CO 

r-   cn   co 

Tjl       ~-<       Ci 

O    -^     CN 


CO     -cH     CO 


CO    O    CO 

CO    ts. 

O    CO    O 

CN     CO     Ci 

OS     ts- 

CN    OS    00 

O    £ 

TL 

^ 

IX 

S.H, 

Ph 

0 

Ph 

c 

-> 
m 

H      Q.    Q. 

on 

CO     H     H 


189 


CO 
« 

o 

< 


g  £ 

CO    -^ 

a  S  t- 

CM    ©    CO 

't    o   oc 

CO    to 

o    t~- 

t-    CO 

'£WR 

?   M    H    CN 

O    OS 

CO    CO 

csti-9 

°-§~ 

fg 

=> 

& 

be  i 

■9  St. 

>,»o 

N    CO    S 

O    CM 

CO     !>■ 

CM    OS    to 

a,   ■*    rt    CN 

O    O 

oi.u.0 

B   IN    CN    CO 

00    00 

t-  R  jfi 

p-ts 

iO    ■>*< 

CO    iO 

CO     CM 

as  «H    »>    ^ 

OS    CO 

CO     OS 

c3 

e  <d   ■*    irf 
-2    N    N    N 

l>-    t- 

e 

© 

r-i    w 

CD 

3 

r^   r-   © 

OB    t^     t-     l> 

00    CO 

fl 

e  o 

CD 
> 

CD 

3 
W 

o  o  o 

o  o 

o  o 

s  s 

aj   O    O    O 

CO    © 

co 

CD 

«  oo   00   CO 

CO    CO 

00    00 

o 

3 

© 

i>.   r-   t^ 

CO    CO 

CO    CO 

03   O    O    O 

o  o 

o  o 

as 
CD 

b  w   o   o 
fS    CM    CN    CN 

iO   to 

*o  »o 

<N    CN 

CM    CN 

S 

-*  to  o 

OS    CO 

co  r- 

O    CO 

CO     lO 

a,   CO    00    © 

«-H     O 

<-<  o 

fe    ^    O    ~ 

00    00 

b-    !>■ 

CO     CO 

o 

o 

0 

'O 

g  a  a 

.3  IS  — 

©    ©    CO 

t--    CO 

CO    CO 

r-  i>. 

,a 

ap   CO    iO    tQ 

CM     .-1 

3 

a   CN    N    (N 

-2  co   co   co 

CM    CM 

CO    CO 

CO     CO 

T3 

*S9 

0 

Wc3« 

•a 

eg 

bn  at  u 

r-  ■«*<   to 

iO    CO 

OS     OS     lO 

03    CO     O    OS 

B    N    «    CN 

-2    ©    ©    © 

©    CO 

CO    CO 

a 

m 

□  So 

H-l  5  w 

q 

O 

O 

T3 

©  o 

o 

»3   CN    CO    N 

CM    OS 

CM    © 

is  o 

js  «-« 

o  S 

i 

1-1 

T3   Kl 

■a  3 

o  ©  o 

O    O    O 

©    iO 

©    © 

O     CM 

3£ 

to 

S  £ 

CO  ft 

S 

a     ■    ;  > 

f>    <N    CO     o 

ia  •'    : 

..      CO      CO 

CD       CO      CO 

.2     CD     CD 

8    C    S    m 
03     03     g 

o-  fe   fc 

3    a  Q. 

a  a 

g  S  5  £ 

I  ^  « 

^t    •"•    w 

Q"          £ 

Ci 
GQ 

>> 

©  CM  CO  CM  CO 

co  »o  ^  i>  r- 

X  N  t-  <-H  CO 

o  ©  CS  ©  OS 


T-< 

CO 

iO 

© 

T* 

t- 

© 

CO 

r- 

CO 

^ 

©     "*     CM 


_H      _  i-H      O      O 


r_l 

,_, 

r- 

« 

CO 

r^ 

t- 

00 

CO 

CO 

CO 

g  g 


r^   t^-  t^. 


CO 

r- 

t- 

CO 

oo. 

© 

© 

CO 

CM 

O 

o 

1-1 

© 

»0 

CO 

CM 

00 

r- 

N 

CO 

■* 

CO 

QC 

•*! 

CM 

1-1 

3  to   co   co 


t^-    CO 

Tf      CO 

CO    CM 

©      ^ 

CO    CM    O 

CO    CO    iO 
CM    CM    iO 

©      © 

co    © 

CO    ©    © 

"<f        -*  H 


-H      «-H  ©      ©      © 


IO      IO  t-H       -^ 


©    CO 


© 

CO 

CO 

CO 

r- 

^^ 

00 

00 

CO 

CO 

00 

© 
o 

© 

o 
© 

CO 

o 

CO 

© 

© 
o 

© 
o 
o 

© 
©■ 

© 
© 
© 

oo 

CO 

00 

CO 

00 

00 

00 

©  © 

o  © 

©  r-  '© 

CM    © 

.-H     © 

CN    O0    CO 

o   ©  »o   ©  ©   ©   © 

©    o  r~    ©  ©    CM    T 

ri     n  il     CN  rt     CM     CM 


,i5      CD     CD      CD 


cl,  Q 


CO 

© 

CO 

© 

M 
© 

CO 

© 

CO 

o 

70 

© 

CO 

© 

to 

to 

CM 

to 

CM 

to 

CM 

to 

CM 

to 

CM 

-* 

as 

CO 

r- 

CO 

CO 

OS 

CO 

© 

© 

^ 

© 

to 

CO 

CO 

to 

CN 

00 

© 

"* 

to 

!' 

. 

to 

© 

re 

© 

OO 

■^ 

00 

© 

© 

© 

1-H  ©      © 


©  © 

O    © 

©    ©    © 

CM    © 

CM    © 

CN     ©     © 

©  ©         ©  ©  © 

©     tO  O     CN    if 

CN     CM  CN     CM     CN 


1  a! 

*Q  fi  CQ 


co  CD    .S  ■»  CD  CD 

fe  a  3  a  a  a 

"  ©     £  ©  CN  Tf 

00  ri    ±3  CN  CM  CM 


190 


M    O  CO    OS    CO 

CM   O  co   <.m    o 


CM    00  CM    -<f     CO 

^    CO  T*t    OS    O 

O    OS  OS    CO    o 


- 
o 

o 

o 
o 

o 

c 
o 

CO 

CO 

E 

o 
o 
o 

00 

00 

00 

CO 

CO 

r--   r-   t-- 


>o  >o   ic 


t—    CO 

CM     CM 

CM      1-H 

o   ©   .-H 

CM        — I  —I 


CO     CO 

— 1      CO      .-H 

lO     lO 

CM     CO     'f 

WO* 


CO     CM 
OS    t^ 


SO   o 
M    M    N 


5 


JON 


CO    OS    »0 
CO    co     ir; 
OS    co    CO 

O    co 

CO 
CO 

OS     CO 

CO       Tf 

CM     CM 

CM    r-i 

o 

o  o 

eo 
00 

OS 

CM 

* 
OS 

«o 

CO 

s 

CO 

CO 
eo 

CO 

-*• 

~r 

lO 

CM 

-1 

- 

=■ 

O 

OS    CO    O 

lO     ,-t 

H      (O      00 

CO    OS 

^    ©    00 

OS    uO 

W     tO     W  y—     —I 

r*.   t-,   r^.         i»   t- 


w  o  o 
r-   i^.  t- 


OS    os  i-<    -^    -h 


t-- 

CO 

O 

© 

1^. 

CO 

o 

CO 

o 

CO 

o 

CO     CO 

o  o 

CM 

CM 

»o 

CM 

CM 

»o 

CM 

•o 

CM 

CM    CM 

OS    U3 

O   ■>#    r- 

O    CO 

CO    CM     O 

T-l        © 

>-<    o    o 


i-t     t- I     CM 


r-    r^    r^ 


CO    — i     CO 
CO    CO    CO 

,-t    O    i— 


CO     CO     CM 


CO  CO    CO    CO 


CO    CO    CO 


o  o  o 

O    CO 

O    O    O 

CM    OS    OS 

CM     O 

CM    O    OS 

3  "  "  o,Z^mm^ 


P<  co 


W 


(O    *0    CM    i-t 


CO  -*  -*  CO 

CO  N  M  N 

i-t  CO  CO  o 

CO  >0  CM  i-J 


N  O)  "O  © 
CO  ^-l  CO  o 
OS    ^h    OS    o 


N  00  03  h 
tD  N  h  CO 
N    N    00    00 


o 

g 

o 
o 

o 

5 

a 
o 
o 

00 

00 

CO 

00 

t^   r-   i-   i- 

CO     CO     CO     CO 

o  o  o  o 


CO     O     O     CO 

,_,    eo    <-*   i-> 


OS 

*o 

_ 

ro 

CO 

r^ 

r- 

CO 

OS 

us 

• 

'.. 

«3 

N   N   to   a> 


o  o  o  o 

CM    CM    CM    CM 


o  o  o  o 

O    CO    J    o 


Cl,  a 


fe      CJ      fe      t- 

Ph  Q  co  M 


191 


^> 


.<*?» 


Sh 


c    I 

CO  ^ 


^3 


1 

o  Oj 

ci   c; 

■*   -^ 

00   00 

30   oc    ac 

o 

''g    tH     i-J 

T-H       --. 

^H       1— 1 

r-t   j-i    i-H 

___, 

E- 

q 

Misoel- 
laneous 
mill 
ex- 
pense 

(2    "*     ^ 

"**  ■* 

■>*       "^ 

■^    -*    tJ- 

•2    CN    CM 

CO     CO 

CN    (N 

0    © 

CN     CN     CM 

o 
>> 

Press 
olotb 
and 
mend- 
ing 

e     ;      ] 
"3     !     ! 

q    .    . 

I     ! 

J       J 

©     O     O 

©     ©     © 
©     ©     CD 

© 

n 

g 

. 

£  o  o 

©  © 

|       | 

O 

Tt-     "^ 

t 

K  * 

3°  ' 

<! 

;     ; 

!    ;    ; 

O     iC 

c_ 

00    00 

h° 

5  o      * 

r~   i^- 

r^-   t^   1^ 

-*   -^ 

*#  -># 

©   © 

£_ 

©  io   id 

o   »o 

10  10 

«   ic    10 

.-; 

-. 

CS     CM 

3 

--S    !N     W 

CO     CO 

CM     (.■« 

CN     CN 

CN    CN     CN 

o 

«d    ' 

.    o 

© 

S3 

e  n  ci 

CM     (M 

CN     CN     CN 

■a 

o 

>> 

£ 

e 

o 

^   cn    cm 

3°  ' 

CM     CM 

CN     CN 

CN     vM     CM 

p 

•c 

o 

£  ■**■  ■* 

■^    -^ 

■^     Tt« 

X) 

■3-2 

"rp     -rr 

Tji     -rji 

T).       -#        T*« 

CO    CO 

CO     CO 

83 

t»S 

§** 

CN     CN 

CM    CN 

CN    CN    CN 

t£  o  o 

O    O 

c 

1  = 

-.     IQ     U3 

i-O     U3 

>0    10 

^    CN     C<1 

,?  cn    cn 

CM     CM 

CM     CM 

CM     CN 
CM     CM 

CN    CN    CN 
CN    CN    CN 

c 

H 

a: 
Z 

iO    lO 

U3     iO 

to  to  10 

c*    1^    *-"■ 

t-.   r- 

t*-  r--  t*- 

O 

iO     1X3 

»o   to 

tO    xO    *0 

(5 

£  -*   ■* 
q  -^  ■-# 

r+n    •U' 

Tj-       tj-       -^J. 

Eh 

^    "* 

•^   "^ 

■*  ^r   ^ 

o 

O 

ubri- 
iting 
and 
lean- 
ing 

C    © 

©  © 

©   ©  0 

tO    to     «3 

r- 

/S  <=>     ' 

0  0 

©     ©     © 

Jo       o 

^  - 

go 

o 

■i 

£  cn  cn 

CM     CM 

CN     CN     CN 

c 
o 

o 

Seei 
nnloa 

ing 
labo 

Cr    ©    © 

©     ©■ 

©  © 

©     ©     © 

r-' 

O 

Sd    ' 

►S. 

■    71 

£  o   o 

©     © 

©  © 

< 

-i;  co  m 

s 

s 

o 
o 

«  5 

4. 

§a,  § 

»: 

< 

e  cs  cs 

OS    OS 

OS     OS 

©     ©     © 

>. 

C  o  *  C 

C«     CM 

CM    CN 

CN     CN     CN 

§°  • 

>> 

P*     a 

,o 

©     CO 

©     ©     © 

Cci.£  C.S 

13    tO     V2 

IQ     iO 

»0     ID 

o 

Q° 

CO     CO 

CO     CO     CO 

c3 

p 

to 

©     © 

©     © 

!>• 

e  ©  © 

(©     © 

©     © 

Tf      T? 

CO  = 

§°  ' 

•C-Q  tn 

■  £  -■=  o 

©  -CO 

CD    CD. 

cjn  cj 

CN      CI 

CM     CN 

CN     CN     CN 

©  © 

=  n  ci 

ma 

CM     CM 

CN     CN 

Tf     -* 

"*3*     "^ 

■*     ^f     -^f 

bl 

e 
^  o 

°3 

^  o  o 

CO     CC 

©     TH 

©     ©     O 

"~  oi    :o 

OS    ■># 

CS    © 

CN     00    © 

J 

1 

c- 

™  1 

I 

©  o 

©   »o 

5  u  = 

3cc 

L--        © 

to   f- 

e5 

""3     "— <     CN       £» 

-(->    +J     d 

g?    w    cj 

j*J      J 

«   c    P    S 

5     3C 

p.  p.  § 

^    ^     ^      Cv 

Ph    PL,     & 

CN     CO     ^ 

T     ©     00 

p                 _^- 

c 

>> 

H-(                          1— 1 

— 

"#       ^       Tt" 

CM     CN     CN 


U5    o    c 
r^    r^    cm 

■X    00    © 


©  ©  © 
to  to"   to 


©   o   © 

CN    CN    CN 


as    ©    cs 


©■   ©    © 

©     ©    © 

©     © 

CN    CN    CN 

CN    CN    CN 

CN     CN 

CN     (N     CN 

CN     CN     C^ 

CN     CN 

CO    CO    CO 


CN     CN     CN" 


CO     CO 
CN     CN 


CN     CN     CN 


CN     CN     CN 


0 

c 

© 

© 

O 

© 

— 
to 

0 

CO 

CO 

CO 

CO 

PC 

CO 

CO 

CO 

CN 

CN 

CN 

CM 

CM 

CN 

CN 

CN 

»n 

tO 

to 

IO 

.-■ 

tO 

r^ 

r- 

I~- 

to 

tO 

»o 

iQ 

»o 

to 

to 

tC 

•<* 

^** 

-* 

■^ 

"^ 

■^ 

tJ" 

•^J* 

■^ 

"^ 

■^ 

in 

to 

tO 

" 

© 

_ 

~ 

Z: 

0 

0 

<^> 

©  ©  © 


©   ©  © 


IO    iO    to 


©  ©  © 

CO     CO     CO 


© 

© 

tC 
CO 

© 
to 

CO 

CO 

to 

CO 

© 
to 

CO 

© 
to 

CO 

CO 

© 
to 

CO 

CO 

'.- 

CO 

©  ©  ©     *   ©  o 
©   ©   ©         ©   © 


© 

© 

CO 

to 

-1 

CN 

CN 

CN 

<N 

— 

_ 

_ 

O 

— 

©    O    to 


> 

T-H 

CN 

p 

- 

0 

v-i 

L^ 

"tfl   *=t*   ■«#■ 


©   ©  © 


to    tO    tO 
CN     CN     t^- 

©    ©    CO 


©  ©  © 
©   ©>   © 

to  id   to 


iO    to    »o 

©  ©  © 

CN     CN     CN 


©    © 
CN     CN 


CN     CN     CM 


C-4    CN  CN 

©    O  © 

©    ©  © 

tO   to  to 


to    to 

10 

©    — 

CS 

©  © 

0 

©  © 

CN    CN    CN 


O     ©     © 

to   to   to 

CN     CN     CN 


O  ©  © 
tO  tO  to 
CN    CN*     CN 


©     ©  ©     ©     © 


iO     iO     tO 


©  © 

CO     CO 


©   ©   © 

tO    tO    to 
CO     CO     CO 


©   © 

tO     tO 
CO     CO 


c    ©    © 


©         © 


©  ©  © 


©   ©   © 

CN     CN     CN 

©    ©     © 


©     ©     © 
CN     CD    CS 


©    ©    © 
CN     CS     00 


O    CN    CO      > 


z>    a>    o  —    cj    o 

o,  a  D,  £    P.  c. 

CN    CO    T?    i    ©    00 


CO 

.^ 

.,., 

CJ 

m 

m 

•_ 

m    0    cj 

r 

3 

a  a  Q 

0 

Ph 

Ph 

0 

CO 

? 

■* 

to 

— 

00  2  ^ 

>» 

Ph 

- 

CO 

192 


— . 

00    00 

tO 

--     1 

i* 

<«* 

-#  ■<* 

T}«       ■* 

CO     CO 

■>r   -* 

CM 

CI 

OS    © 

CM     CM 

O 

CO     © 

© 

_ 

0 

/ 

Tj- 

TT 

CO 

o 

10 

»o 

tO 

©    © 

00 

00 

SO 

CM    CM 

CM     CM 

o 

—      — 

o 

_ 

o 

©    © 

O    © 

ua 

>o 

IO 

»o   to 

to    tO 

CM 

CM     CM 

CM    CM 

OS 

- 

© 

OS    OS 

©    © 

O 

00 

' 

00 

00     CO 

f.       f 

o 

©    OS 

©    © 

t^. 

r-   r^. 

t-    t^ 

OS 

OS 

©   © 

©    © 

o 

©   o 

©    © 

© 

© 

to   © 

cm 

CM 

CM 

CM    CM 

CM     CM 

to 

»i- 

to 

to   to 

>o   to 

IQ 

to    tO 

tO     tO 

■* 

-* 

TF 

Tf  "<r 

^p     -*p 

"^ 

— 

■^       TJ* 

Tj*       M1 

©       © 

O 

io    «o 

o 

c 

CZ 

©   © 

©   o 

© 

„., 

d     CM 

o 

- 

©   © 

©     © 

o 

to 

to     tO 

iO    iO 

CO 

CC 

CO 

CO     CO 

■      CO     CO 

rs 

©   © 

©   © 

CM 

CM 

CM     CM 

d 

© 

© 

o 

©  to 

cc 

CO 

CO 

CO     CO 

CO     CO 

c 

- 

o    © 

©  © 

-T 

— 

TJ" 

T    -V 

Tp   <v 

o 

fr 

.- 

to  to 

©  © 

<M 

CM 

CM    CM 

CM    CM 

o 

o 

— 

©    © 

CM 

CM     CM 

CM     CM 

tP 

-Up      TP 

^    tP 

o 

o 

tO 

©      © 

o    © 

cm 

© 

r* 

CM     © 

CM    © 

,_, 

o  *o 

o    © 

© 

©  C-* 

CO 

a 

_ 

jj 

d 

B*       ' 

>  « 

c 

2  8  8 

S      W      X 

m    5 

r 

2     a    a 

g     ©     CM 
,_,    rH    r-l 

§  (^ 

P- 

£ 

o  **   ° 

>. 

o 

F4 

C£ 

■<*< 

-*• 

00 

© 

00 

00 

X 

X     X 

T 

-*p 

** 

"^ 

T      — 

CI 

© 

CM 

CM     CJ 

© 

; 

© 

©    © 

©     © 

; 

© 

to  to 

© 

o 

© 

~ 

© 

CM     h- 

to 

iO 

©     X 

CM 

CM 

CM 

CM 

CM 

© 

■* 

-# 

*# 

_ 

-r 

©   © 

© 

© 

OS 

© 

©  © 

OS 

© 

©> 

■<J«   M1 

"*p 

tP 

■* 

V 

-p 

r-   r~ 

r- 

b- 

t^ 

^ 

r- 

tO    iO 

to 

IC 

iC 

to 

© 

r_ 

r^. 

h- 

r^ 

-r    -*p 

■**< 

"<f 

-r 

O 

o  o 

o 

© 

© 

O 

© 

X    CO 

X 

X 

CO 

00 

X 

CO    © 

© 

© 

© 

o   © 

© 

© 

© 

© 

© 

©  o 

© 

o 

© 

o 

© 

CO    CO 

CO 

CO 

CO 

CO 

CO 

tO 

tO 

to 

iO 

>o 

r- 

to   tO 

to 

tO 

tO 

tO 

tO 

tp 

tP    -*P 

"* 

-*» 

T< 

© 

o 

© 

© 

© 

tO 

IO 

©  © 

© 

© 

© 

_ 

© 

© 

CM    CM 

CM 

CM 

CM 

CM 

CM 

o    © 

© 

o 

O 

© 

o 

© 

©  © 

© 

© 

© 

~ 

© 

to 

m 

tO 

CO    CO 

CO 

CO 

CO 

CO 

CO 

- 

© 

CM     CM 

CM 

CM 

CM 

CM 

CM 

© 

.- 

© 

to 

O 

© 

*o 

iO 

tO 

to 

CO     CO 

CO 

CO 

CO 

CO 

CO 

O 

o 

© 

CO 

© 

— ■ 

© 

3 

© 

-»P     -# 

■*p 

•rp 

-r 

© 

©     © 

._ 

^ 

tn 

CO 

CD 

CM     CM 

CM 

©     © 

© 

o 

© 

© 

CM 

CM 

CM 

•V     TP 

-* 

tP 

-* 

tP 

©    © 

© 

© 

© 

r^ 

© 

CM*    OS 

_" 

©* 

cm" 

X 

00 

a  3 

o     —     u 

fifi  & 


©  © 

CO     CM 

•<p    CO 


~    -    - 

O)     ©     OS 


to 

to 

© 

© 

© 

~ 

© 

to 

tO 

to 

in 

y 

CO 

CM 

CM 

CM 

CM 

© 

© 

© 

© 

© 

© 

© 

Tf< 

-CP 

•*P 

TP 

•V 

■* 

TP 

^ 

t— 

t-~ 

r^ 

f. 

,^ 

^ 

CO 

CO 

ro 

CO 

:•: 

K 

CO 

© 

© 

© 

rn 

CM 

CM 

£2 

n 

CM 

© 

to 

tO 

i-- 

tO 

to 

to 

tO 

to 

tO 

tO 

iO 

tO 

o 

- 

© 

CM 

-i 

CI 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

»o 

to 

to 

to 

to 

,- 

tO 

I-- 

r~ 

>o 

tO 

tO 

tO 

iO 

»o 

tO 

■* 

— 

-*> 

■* 

■^ 

- 

~ 

TT 

^ 

"* 

o 

o 

~ 

© 

to 

© 

© 

o 

_ 

© 

© 

© 

© 

CM 

CM 

CM 

CM 

rM 

CI 

© 

- 

_ 

© 

_ 

- 

o 

© 

© 

© 

~ 

© 

tO 

»o 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

o 

.- 

SO 

f*l 

fP 

m 

o 

to 

CO 

CO 

CO 

CO 

CO 

CO 

© 

© 

© 

o 

© 

© 

© 

© 

... 

© 

-f 

rr" 

^J< 

Tf 

■"d* 

■* 

■* 

© 

CM 

CM 

Ol 

<N 

CM 

© 

O 

© 

© 

© 

_ 

© 

<M 

^1 

CM 

CM 

CM 

C-l 

-r 

' 

rp 

"* 

Th 

© 

O 

© 

© 

© 

© 

© 

CM 

© 

ri 

OJ 

ci 

— 

© 

m     «     to     05   .5     O     03 

w   a  •-   s.  d   —  a 


x  ^  -q 


© 

© 

■^ 

-*« 

X 

ns 

— 

iO 

■— < 

•~* 

•H 

r~i 

"H 

1-1 

"" 

-r 

_ 

^ 

-+< 

-J* 

CO 

-r 

CJ 

CI 

Cl 

© 

© 

CM 

© 

© 

© 

CO 

; 

© 

© 

© 

© 

X 

Tf 

© 

tO 

© 

o 

CM 

r^ 

to 

m 

00 

Cl 

CM 

© 

•O 

tO 

tO 

tO 

tO 

to 

© 

© 

© 

© 

- 

© 

to 

to 

to 

tO 

to 

to 

_ 

OS 

OS 

© 

OS 

OS 

© 

.- 

- 

.- 

© 

CD 

© 

© 

o 

© 

00 

X 

X 

CO 

Of) 

X 

CO 

CO 

CO 

CO 

CO 

CO 

rt 

" 

-1 

1-1 

•""• 

1-1 

© 

© 

o 

o 

~ 

© 

o 

•*t< 

■* 

T 

•fl" 

*r 

CO 

CO 

CO 

CO 

CO 

CO 

»r> 

tO 

to 

<o 

r— 

h- 

r- 

tO 

tO 

o 

tO 

tO 

■<J1 

Tf 

'ff 

■<*• 

f 

-f. 

tT 

-^« 

■* 

*r 

© 

© 

o 

© 

© 

© 

»o 

to 

tO 

© 

© 

— ■ 

© 

o 

CM 

*N 

-, 

CM 

-, 

CM 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

o 

© 

m 

to 

CO 

CO 

CO 

CO 

CO 

CO 

"~ 

1-1 

■" 

'"" 

1-1 

rt 

_^ 

© 

i; 

© 

© 

CM 

CI 

CM 

Cl 

CM 

© 

.- 

© 

CO 

SO 

:0 

SO 

in 

CO 

CO 

CO 

CO 

CO 

CO 

o 

© 

© 

© 

© 

© 

© 

© 

© 

o 

© 

© 

-p 

-v 

■n* 

Tt" 

-* 

-f 

© 

SC 

© 

.- 

CM 

CM 

-*j 

CI 

O 

© 

© 

© 

© 

© 

CM 

CI 

C) 

C) 

CM 

CM 

T 

-f 

T 

■* 

Tf 

-r 

© 

to 

CJ 

to 

CO 

© 

CM 

© 

r- 

^_ 

© 

Cl 

© 

o 

— 

o 

-r 

. 

c^ 

CO 

-T 

3 

CO 

"3 

a 

O 

> 

CM 

o 

-   -J 

iO 

M    X 

to 

c5 

co    eo 

ci> 

n    S 

r 

a  a 

a 

d 

5. 

5 

5  2 

n 

-5 

>t 

260538r 


193 


| 

-*•  *# 

-*?      Tj-     Tf 

^    OS     Ci     00 

00    OO 

00    00    00 

rH      — 

—    •—'■—■ 

^ 

q 

«    ^,    ^    ^ 

■*       •*       Tj< 

6 

CO     CO 

"*-       Tj-       •<»« 

ij  ~ "  - 

ld 

CI    cos 

a 
>. 

>> 

Press 
cloth 
and 
mend- 
ing 

Q         J          •          i 

"o     !      !      ! 

0.690 
.690 

.690 

■^ 

-2 

£  o  o  c 

o 

*  o 

e  co  cc  cm 

0/ 

o  C 

acs 

^  '  ' 

£  *>  w  to 

©  © 

©■  ©  © 

e  n  n  n 

ia   ic   iq 

3~ 

CM     CM 

CM     CM     CM 

* 

3°  '  ' 

C3 

e  ©   ©   © 

©     © 

©   ©  © 

f-o    CO     CO     CO 

CO     CO 

CO     CO     CO 

,C 

cj 

— 

O0     O0     CO 

«  C  2 

a  as  cr 

-i  o  o  o 

©  © 

©  ©  © 

" 

§d  •  ' 

o 

£   CI    CM    CM 

CM     CM 

CM    CM    CM 

a  ©  ©   o 

■a 

>> 

.O 

£ 

c 

gO         V* 

s 

CD 

CO 

■d 

1.231 
1.231 
1.231 

CO     CO 
CM     CM 

1.231 
1.231 
1.231 

•^ 

■< 

K) 

O 

£  o  o  © 

©     © 

©  ©  © 

■§3 

-S    OO    00    00 

00    CC 

00    00    00 

f-. 

co  . 

co.s 

£  cd   co  co 

CO    CO 

CO     CO     CO 

P. 

»o  »o 

e*  r-   r~   i-- 

r-  r- 

r-  r-   r^ 

O 

■«,    U5    U)     W 

to    tO 

ir;    iC    »o 

^ 

O    -^    ^"    ^ 

Q  -*t>  ■*  -^ 

■>*«   •* 

rj"       -9"       TJH 

■^     TP 

^-  Tj.  ^ 

Lubr 
catin 

and 
clean 

ing 

a 

-c  ©  ©  © 

©     © 

©  o   © 

V,  2  too 

£    CM     CM     CM 

CM     CM 

CM     CM     CM 

© 

c  o  o   o 

o  o 

©  ©  o 

S^c-c 

m 

3 

Q6  ' 

©  © 

©  ©  © 

c*  *o    to    to 

B 

as 

— 

cs.  ~ 

c  o  *  c 

•i:  cm  cm  cm 

CM    CM 

CM    CM    CM 

q°    ' 

>> 

J  -      — 

,0 

-O     CO 

Link 
bag- 
ging 
and 
ties 

iO     to 

iO    iO    o 

-ii  co   co   co 

CO    CO 

03 

P 

■gS 

©    © 

©  ©  © 

a  ©  ©  © 

©    © 

©  ©  © 

— a     M*     -^     Tf 

■<*    tP 

■*  ^  ^* 

DQ  3 

§6     "     ' 

^^OJ 

a    CM    CM    CM 

CM     CM 

CM     CM     CM 

o     .  c 

©    O    © 

03        M 

5  cm"   cm'   cm' 

k^       Tjt       ■<}•       Tf 

CM    CM 

CM     CM    CM 

■*    "^ 

•^J"    i**    ^ 

J2  ©  ©  © 

©    CO 

©    ©    © 

e  ci   ct   ci 

CM    © 

cm   ©  as 

C  o  a 

_J         w 

< 

Seed 
rushed 
jer  24 
hours 

«  ©   ©   © 
2  ©   ©   © 

g     CO      "^      -"I* 

©    © 

©  ©  © 

CO    CO    -*" 

'      » 

'     tO 

■     .   C 

S 

;      ;  PL, 

5     !  .'  £ 

..    #  ' 

!  * ' 

j>    M"     «3     c 

Vj       V*      W 

"*    w    w    w 

8    P    £    £ 

Q.  P.  ft 

read. 

1  S  S    £. 

>     CM     -T 

2    ©   <o    © 
—    co    co    -r 

%- 

>, 

-               Ph 

m 

s 

©  O  ^  t 


CM  CM  OS  CM 


OS  OS  OS  OS 

©  ©  ©  © 

CO  ID  CD  CD 

ic  io  uj  id 


to  *o  ic  iC 
cs  cs  os  cs 
©  ©  ©  © 


o  ©  ©  o 
r-  r-  r^  t^ 


©  ©  ©  © 
r^  r-  t^  r^ 
CM  CM  CM  CM 


to  to  »o  tc 
r^  t^  r-  t- 

tO  "O  to  to 


©  ©  ©  © 

iO  iO  iO  to 

©  ©  ©  © 


©  ©  ©  © 
to  «o  to  »o 

CO  CO  CO  CO 


CD  CO  C  C 
iO  iO  tO  tO 
CO     CO     CO     CO 


o    ©    ©    © 
o   ©   o   © 


CO    CO    co    O 


CM    CM    CM    CM 


o    ©    ©    © 

cm"  cm"  cm"  cm 


c    ■■   ©    G 

CO    +a    ^h    0 


a,  a 


194 


oO    W 

lO    CD 

CO     O     00 

NOW 

■s~  C3  K.C 

H.9     " 

fe1^  " 

O    »n 

cs  m> 

Tf     CO    OO 

S3    00    CD 

CD    "0 

•*   ■** 

in   ->^   co 

13 

0 

o 

Eh 

"^  otS  S>- 

JJ     CC     N 

co   r- 

CO    t-- 

sss 

■3s  S  1-2 

§2>a2« 

-2  c*  cn 

r-  oo 

»o    CO 

*    O)    o 

O   00    t^ 

CO     CO 

iO     lO 

"5    -fi    tP 

°0    ■*     CO 

CO     CN 

CO     CN 

■*   e«   co 

§!- 

o  o 

s  s 

o  c ■  o 

fflg'H 

C| 

«o   f-    CN 

J-  cd  r- 

O    "-*< 

r-   -* 

W    03    N 

CN     H     H 

o  © 

0 

•9     h-     O 

©    i— I 

o  »o 

.2  a  >> 

e£8 

CO    »o 
CO    CN 

OO     lO 

■tf(    o   t-- 

o  VC 

o  o 

ra  « 

Kh 

.  a  „ 

*5    lO     M 

T-t       b- 

g°,3 

CN    o 

CN       T-l       T-l 

ail 

'o    O 

3 

£5* 

a 

o 

»5    tO     O 

CN     M 

=  11 

^    CO     CO 

o  o 

CO     CO 

CO     CO 

CN    CN    CN 

m 

C) 

§&.s 

*     O     05 

T3 

*n     OO 

iO    o 

CO     CN     OJ 

CO    CO 

www 

C3 

1-1        8 

o  © 

3 

*>     -*l      TP 

^<   Tf 

o 

CD 

I* 

BOO 

o  o 

CM    CN 

o  o 

CM    N 

^      Tf*      Tj< 

•5    CO     CN 

CJ 

XJ 

,2  ©  o 

o  o 

o  o 

o  o  o 

o 

& 

0 

o 

*=©!-. 

■*   Cn 

OS     CO 
CO    <N 

t^  o  o 

T3 
cp 

is  « 

W    CO    o 

«  cn  © 

r—    rj< 

CO    CM 

O)    >o   o 

,a 

CD  O 

o  fi   h 

3 

SQ 

q 

TJ 
V 

5 

.  «  C  t, 

"**<    IC 

ISI-S 

.2     ■  © 

CO    CO 

*o   t-- 

1      CO      l-H 

*o 

°a|^ 

C5   : 

1-1 

d 
o 

o 

OS 
Hi 

a'S  2,3.9 

5dtcOd 

rt  u a  ^o 

,_,  ,_, 

CN    CN 

CO     CO     CO 

eS3  S 

o    O 

CO     CO 

ic  »n 

o  o 

o   o   © 

OT 

q 

O 

*o   O    O 

•so* 

CO    CN 

M<    O 

©   o   © 

OO    © 

CO     CN 

o    ■*    CO 

00    m 

cn   r- 

00    CO    CO 

DO    CC 

CO    CN 

CO    CN 

■^     CO     CO 

£ 

C) 

*a  ©   r- 

CO    CN 

»C    t}* 

*c3 

sss 

m   cn 

"•*    00 

in   o 

M    N    O) 

Eh 

to  t- 

«?    iC 

K5  in  >c 

O 

.  a  2>  ca  >> 

•5    O    C4 

a 

CO 

s 

a  °-9  a  £ 
3  9*0     a 

^   CO    co 

"S  o 

•^   1-1 
co   ■* 

a  a 

c5  S3  c^ 

eo    00    M" 

■rt<     U0 

S 

o  »o 

Oi    CO    iO 

-^   »o   lO 

kO    E-- 

iO    iO 

o  © 

*» 

r-   S 

CO     CO 

U)    tH    U3 

cd 

*2    OO    — < 

o  o 

TT      1-H       © 

•«*   r^ 

f    CD    N 

a 

O    CN    CO 

CN    CO 

CN    CN 

CN    CN     CN 

a 

(=1 

£§ 
0,53 

p    •*    00 

CN     "*•    — i 

£  T<-   r- 

Tj«        T<- 

CN    CO    "^ 

a>  03 

OWN 

CN     CO 

CN    CN 

CN    CN    CN 

Go 

<3 

s 

>  ] :' 

I.1    : 

%    «    N 

crt       !    • 

y     C«     w     to 

»   d   fi 

s  a  s 

~  &  a 

a  £  £  £ 

C3     Q,    C.    C 

&^  * 

g  (^  n, 

^    CN    CO 

^  «  ooo 

£ 

5 

o 

CO 

>% 

a 

1H     GO     © 


!-.       W       © 

cn   r-   *o 

CN     CO 

>o    -P    ^ 

"*     CO     CO 

CO    CN 

CN    OO    I- 

t-t   o>    *c 

F-*       tO       © 

CNt-.CN 

O     CN 
t-     CO 

»o    -^    iO 

CO     CO 

- 

© 

O 

- 

CD 

© 

—■ 

_ 

© 

■~J> 

© 

© 

O 

rH 

_ 

t^ 

^ 

r  - 

r- 

l>- 

CN 

© 

iO 

r^. 

CD 

to 

CN 

CO 

•o 

-^ 

l^ 

h- 

in 

Oi 

h* 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN     i-H      r< 


CO     CO     CD 
CO     CO     CO 


CO     CO    CO 
CO     CO     CO 


CN     CN 

CO     CO 
CO     CO 


CO     H     iO  H 


io    ©   r- 


O    O    O  i-l    i-i 


CN    CN    CN 


©  lO  CN 
iO  W  M" 
©    ©    © 


CO    CO    CN 
O    ©    © 


i-t  o    © 


i-H    i-H  CN    CN    CN  T-l    i-H 


T*    CO 

CO    "^ 
00    CO 


OO    Cft    S 

lO    lO    >o 


CO    CN    i-H 


©  © 
tj*  cD 
00    CO 


O    00    CN 

to  >— i    r^ 

CO     CO     CO 


r--   co   co 

Ol     CO    QS 
CN    CO    CN 


CO    ©    iC 

OO    N     M 

**?«  o  o 


©     CO     00 

r~   Tf  r^ 

©    CN     •** 


t-»    CN 
CN    CN 


g  S  2 

i-H      CD     Tf" 

CN    CN     CN 


t     ^    OO 


_^     c5     c3 


ft    O.    Q.    03     Q,    D, 


©    ©    ^ 


CN     CD    CO 
■V     00     CO 

N 

S 

-9<    O    CN 

i-t    ©    CO 

CO    CN    CN 

CI 

CN 

^H       O      © 

ns 

CN 

C3S 

GO 

Oi 

cn 

OO 

lO 

t- 

Tfi 

5! 

"* 

«3 

00 

U3 

■^i 

•— ' 

CN 

CO 

M 

CN 

Cl 

ct 

CO     CN     CN 

©     ©     © 
©     ©     © 


CD    ©     !>• 

CO     i-«     CO 

CN    CN    CN 


CO  © 
CN  © 
CI     CN 


CO  ©  M< 
to  >o  CO 
CN    CN    CN 


CD  ©  t-h 
CI  CO  O 
CN     >-i     CN 


o 

©  © 

CN    CN 

© 

OO 
CN 

CN 

CN 

CN 

c> 

CN 

CN 

©  "^ 
CN    CN 

CN 

O0 
CN 

CO 

CO 

to 
a> 

t 
CN 

CD 
© 
CN 

CN    ©    ID 

■*    CO     O 

©  o  o 


CN    CN 

©    © 


co  "0  in 
©  ©  © 
©  ©  o 


•O  ©  co 

-H  Tf  I— 

CN  00  © 

CN  f-i  i-5 


i-i     ©    W3 

cn  ©   r- 

oo  co  io 


CN     CN  i-H     I-H     i-H 


00    © 

*     CO 


r-   r-   r- 


^     ©     ©  i-4     1-4 


i-i  CN 
00  t^ 
t^-    CN 


<*«":■* 


H   «  <c 

CN     «C     V 
CN     CN     CM 


©     t-i  ©     ^-<     © 

•^H      ©  H      Tf      O0 


r-  co 


H     CN     H  ^     ^ 


i-  s  a 

a  a  3 

-*   »c  ,g 


195 


6 


o 
o 

I— I 

H 

m 
< 


C    Tf    N 

CM     CO 

CO    CO 

■^  &+»  a  t, 

■3^  03  2.0 

H.a     m 

^    N     ■*     lO 

r-   r* 

§  00  *  - 

CO   «o 

^■O     rH 

O     O 

c3 

C| 

O 

H 

l.sa§- 

CM    CO 

CO     H 

B   00    O    O 

0  h   fi  w 

CO    OS 

CO    CD 

O    O 

"«  • 

CM    CM 

C3    CM 

Is  0  0  0 
,=  0  0  0 

0  0 

O    O 

O    O 

O    O 

Cl 

^  w  £  o 
t-  rt  a-2 

f:  i<    O   N 

CN     rH 

lO     CO 

^     ,-H      r- 1       rH 

1— (     1— < 

rH      rH 

p*  a  q  m 

Pa  O 

o 

.23  i  >» 

HH     Cl 

a   ^    h    N 

CM    CN 

OJ    CN 

0  0+^ 

OO)'? 

0   O 

CO  w 

f=l 

tV  S  w 

*»    O     OS     rH 

10  r^- 

^    M     CO     N 

CM     O 

(M     O 

CN    CN 

CN     CM 

03 

O    O 

H 

pq 

?3     OS      Ol      O 

M*       Tt* 

CO     CO 

10   to 

a    rP    tP    Tf 

TT<      Tf 

rf<    Tfi 

p. 

>> 

■a 

Sfr| 

.O  o  > 

«o   .—1    -hh    t^ 

00    CO 

CO    CO 

a 

OS 

,8    CM    CM    CM 

0  6 

3 

CM    CM 

CN    CN 

.a 

J        8 

3 

m- 

10   >o 

o 

^000 

O    O 

t>-  t-- 

(=1 

CN    CN 

>> 

,0 

OJ 

IC     IT3 

■a 

O 

S3 

!*     IO     O     -v) 

,C3     O     O     © 

O    O 

O     O 

S3 

O     O 

«    X     N    Ol 

,-t    Ol 

00    1^ 

^  a  i<  ■* 

■HH      I- 

© 

S3 
w 

a 

a>  o 

O     rH     H      rH 

Tp     CM 
CM    CN 

OO     CO 

go. 

Cl 

;  ^ 

1    CO 

1     iC 

QJ 

fe  a  s  ° 

«      ■   co   hh 

,     CO 

1  -* 

"o 

ci   ; 

fl 

o 

03 
h-l 

,  13 -g  M 

©  a  "^'a 

to     CO 

CN    N 

*-■    tQ     tO     to 

a  t  ^  ^ 
0  0 

CN    CN 

O 

Ci 

O 

• 

=5    «     O     "5 

CM    iO 

£  a 

OiO    CO    M 

CO    0 

O    t^ 

O    CM     rH     CM 

CM    N 

CO    CN 

Cl 

co   r- 

C3 

Js  00  0  00 

B    10    O    N 

r-  0 

Ol     C= 

rH      CO 

O       Tf< 

0 

O    M    <*    ^ 

CO    CO 

CO    CO 

S 

iga^b 

«H     M     G> 

■*    GO 

CN     CO 

\n   co 

iO     CO 

O    N    CN    CN 
O    O 

r-t     w-i 

rH     rH 

e  0  —  ■a -a 

fiSa  a  .a 

03,Q  c3  W 

C; 

03 

CJ 

i;    CI     O    X 

cn    CO 

00     CN 

,a   CO    Tt*    n 

<N    CO 

cn    :o 

Ph 

C3 

0  0 
Cs 

« 

0   »o 

r-   —1 

-S 

O   (O    O)    01 

■^     CO 

■^  to 

4-9 

a 

C| 

£0 

as 

Ss  *#  *o   0 

8   ■*    M    N 

CN    ■* 

a-  c3 

R'3 

=< 

■    1  * 

1        1    c-o 

1     !   a 

I  Ph 

- 

;     |  ^ 

S 

+a        1        1     d) 

a     ;  #i    > 

t>  w   M    0 

w    1o     CO 

..     co     tg 

O      W      CO 

.2     <D     CD 

S  a  a  01 

^    rt    fl    g 

s  s  £  a 

sT  a  a 
S  ^  « 

2     O     CN 

0        £ 

0 

CO 

>> 

w 

CO     CN 

i-M    ■**<    00 

•r^     CM 

CO    ^     -O 

rH     CO 

CO     CO 

rH     O     OS 

rH       O 

O     O 

OS    OS     CO 

t*     "H^ 

OS     O 

rH      CO     -H 

OS     CO 

OS     CN 

CO     »0     rH 

rH     CO 

I>    os 

rH      IO     CO 

rH      O 

0  0 

OS    Os    OS 

rH 

CN    CN 

CN    CN 

CM    CM    Ci 

O    O 

OOO 

0  0 

O    O 

0 

r-i       IO 

CN    00 

CO    OS     CO 

CN     O 

O    OS 

CM     rH      rH 

rH     rH 

rH     O 

1— I     y-l      r-t 

O 

OS    CN 

OS    IO 

CO    CO    O 

OS.    CO 

t-~  r~ 

O     OS     OS 

O 

t-    OS    10 

CN     O 

CM    CO    CO 

CN     CN 

CN    CN 

O 

CO    CO    CO 

iO     iO 

LO     (O 

O 

t^    CN 

H     00     IO 

iO     "* 

-#   *r 

*o    CO    CO 

CN    CN 

CN     Ci 

CM    CM    CM 

O 

•*     ^f 

rH     rH     rH 

00     GO     00 

O    O 

O     O 

IO     IO     IO 

CN    CN 

CM    <M 

OS     CO 

-H      rH 

iO    »o    to 

0  0 

O      O 

OOO 

0 

rH      CO 

CO    00 

in  n  00 

OS     1^ 

r~   00   ■"*■ 

rH      CO 

O*    (M 

N     iO    iO 

CN     rH 

CN    CN 

rH     rH     rH 

1     "* 

co   00 

>    CN    O 

O    Os 

'     CO 

rH     CM 

(    iO    CO 

'  0 

t--  r- 

O    Os 

TjH     rf 

■^     CO 

CN    CN    CM 

O 

IO     CO 

iO    O 

O    CO  . 

CM     CO     -^ 

CN    GO 

t-  r* 

»0    CO     CM 

C»      rH 

rH     rH 

CM    CM    CM 

CN    r- 

CO     OS     rH 

Tj-        CO 

O      rH 

CO   to   »o 

O     rH 

OS      O 

r^     O     rH 

CO     CO 

CN    CO 

CM    CO    CO 

Tf      CO 

r-   00 

•HH       TJI 

0 

CO    CO 

r-   r- 

CM     CM     O 

r^   00 

co   r- 

CN    CN 

(M    CM 

CM    CM    CM 

O 

t-~     -*- 

-^    O 

0  ^  to 

■H    CO    CN 

CO    -*t* 

CO    CO 

CM    CO    tH 

CO    CJ 

Os    f- 

O    t-    O 

r-   cn 

CN    CM 

rH     C-l 

rH     CM     CM 

,!       ; 

CO        1 

■a  co 

•^  & 

Ph    « 

ii   Ph 

a  •• 

>  a 

CD      CO      CO 

0  > 

.H      O      CD      CD 

^     fc       fe 

3  a  c  a 

ll 

P,     O. 

£~    CO    CN    •«# 

^    !>    CO 

>> 

£  Q 

CQ 

w 

ro   r^   rn 

-«»      rH      OO 

CO    CO    tO 


0 

0 

O 

O 

00 

00 

GO 

,_, 

CM 

CO 

CO 

r- 

' 

OS 

TfH 

CO 

0 

0 

H 

O 

— 

00 

00 

00 

^ 

CM     CM     CM 

OOO 

OOO 


to    t- 

tO 

■^ 

on 

CO 

OS 

OS 

O 

0 

0 

r- 

■* 

T* 

on 

CM 

t^   t-- 

■-O 

- 

OS 

00 

0 

r- 

10 

Os 

CM     CM 

CM 

CM 

CM 

CM 

CM 

O 

OS    O 

10 

to 

CO 

CO 

M   v 

to  >o 

to 

»o 

»o 

to 

tO 

0 

•^    OS 

CM 

CO 

-. 

00 

to 

HH     CO 
CM     CM 

CO 

CM 

CM 

CM 

CM 

CM 

O 

»o 

tO 

CM 

CM 

O     O 

O 

O 

»o 

to 

tO 

CM    CM 

CM 

CM 

1_l 

,_, 

«3 

»o 

10 

O    O 

O 

O 

O 

0 

0 

O 

b- 

*+ 

to 

(-- 

CO 

■** 

tO 

1^    O 

CM 

r- 

CO 

CO 

rH     CM 

CN 

CM 

r~' 

T-C 

rH 

OS    00 

CM 

CM 

CO 

CO     CD 

OS 

Os 

OS 

OS     OS 

■*fl      Tt< 

CO 

CO 

0 

O 

CM 

CO 

O     O 

OS 

CO    -* 

00  00 

CO 

-* 

CO    CN 

rH     rH 

1-1 

"H 

CM 

CM    CM 

. 

OS    CD 

iO 

r-   0 

CO 

CO 

CO    t^ 

CM    CO 

CM 

CM 

CM 

CM    CM 

IO 

"** 

CO   to 

CO     CD 

CO 

rc 

c. 

CO     CO 

O 

■* 

CO 

rH     O 

a 

-H      IO 

CM     CM 

CN 

CM 

CM    CM 

O 

t— 

00 

CO    t» 

to 

O0     CM 

CM    CO 

CM 

CM    -# 

OO    CO 
O    CM 

CO 

CM 

tO    OS 

CO 

O 

^    CM    CM    CM 


P    Ph    CO 


196 


r~ 

eO 

_ i 

to  -*f 

»o 

© 

CM    CO 

-tf 

r- 

t~- 

OS 

© 

o 

O    CO 

^ 

OS 

00   -^ 

IO 

o   m 

-^ 

o 

o 

CM 

m  co 

o 

r: 

s 

O 

O    00 

CM 

— <    eg 

O 

o  o 

o 

o 

— 

© 

©    © 

o 

^ 

■* 

CS     CM 

OS 

oo 

Cs 

o 

o 

© 

©  1-1 

o 

h- 

00 

co    eo 

r^ 

in 

'.. 

m 

m   i- 

O 

in 

1^. 

-* 

Tt<      CO 

©     CM 

CM 

CM 

O 

m 

m   tj* 

fM 

CM 

CM 

CM     (M. 

lO 

iO 

in 

m 

m   m 

o 

Oa 

CM 

en 

CO 

©   m 

CM 

cm 

CM 

CN 

CM     CM 

o 

Tt* 

•* 

O 

o 

©    CO 

o 

= 

o 

o 

©      Tf 

cm 

CM 

cm 

CM 

CM 

-« 

rmt 

©   m 

IO 

in 

o 

C 

o 

© 

©   © 

o 

o 

on 

CO 

o 

i-H     CM 

I-~ 

rH 

ey 

»n 

CO 

CN     I- 

CM 

"" 

1-1 

CM 

CM    i-( 

_ 

CO 

CM        ! 

l^ 

CM 

1^-        i 

cm 

CO 

o 

CM         ■ 

S 

CO 

.,- 

CO 

CO 

©     © 

00     CO 

Tj< 

■^ 

■^ 

CO 

CO     i— < 

o 

■** 

CM 

CM     © 

CM     -p 

00 

io 

rh 

eo 

m  cm 

"~l 

^ 

i—i 

1-1 

■-H    CM 

TJ- 

er> 

on 

Cs 

.-i    © 

'•■ 

■<^    © 

CO 

/ 

in 

00    CO 

CM 

CM 

CO 

CM 

CM     CM 

-* 

r- 

m 

ec 

t-- 

CO 

tP     CM 

o 

(N 

in 

.—     CM 

©     CM 

CM 

CM 

CM 

CM     CM 

O 

r- 

/ 

in 

O0     OS 

CI 

CM 

CO 

*-< 

CM     © 

1-1 

~ 

1-1 

i—i     f-i 

© 

,_, 

r- 

©    00 

t-"> 

u 

CM 

in   in 

o 

>— ' 

CM 

O 

r-l    © 

1-1 

*""t 

1-1 

1-1 

1-1 

.: 

P4 

is 

e 

s 

!  "^ 

o 

I  o 

C 

0 

C    CI 

C    3 

5 

5 

£  ° 

"   13 

£ 

5 

02 

>> 

w 

M 

CN 

c-s 

■■ 

CM 

r- 

in 

CO 

— 

cs 

OS 

© 

= 

~ 

O0 

CO 

00 

in 

CM 

r- 

CN 

© 

er> 

CO 

d 

m 

© 

■rf 

© 

M 

CO 

eu 

© 

© 

OS 

c 

~ 

s 

00 

00 

CO 

CM 

-1 

CM 

C 

■ 

- 

■ 

© 

CO 

o 

o 

~ 

© 

© 

© 

© 

CO 

1*- 

cs 

© 

r~ 

CM 

r^- 

OS 

' 

ns 

© 

© 

© 

_ 

© 

rH 

© 

0 

-*< 

OS 

© 

-* 

© 

-+ 

© 

— 

rf 

© 

m 

© 

CM 

ns 

r~{ 

^ 

CO 

OS 

OS 

m 

CM 

CM 

'.-i 

CM 

CM 

© 

© 

© 

,_, 

in 

m 

■* 

■^ 

■■* 

CO 

CO 

m 

in 

m 

m 

m 

in 

m 

>n 

c 

CM 

.- 

r- 

© 

in 

m 

CO 

CM 

CN 

CM 

<N 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

© 

*# 

*# 

■*t< 

<-> 

rs 

m 

in 

© 

- 

_ 

_ 

c 

■* 

■* 

"* 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

, 

in 

,- 

^ 

.«: 

in 

CO 

© 

o 

© 

© 

© 

O 

© 

© 

© 

© 

,_, 

_, 

m 

m 

CO 

© 

-- 

m 

Tfl 

oo 

t- 

m 

OS 

— 

i- 

m 

1-1 

l""t 

rH 

CM 

CM 

H 

rt 

1-1 

,_, 

en 

CO 

CM 

U? 

© 

CM 

■* 

TO 

CO 

— ■ 

CO 

■* 

c 

CO 

r- 

i-t 

^ 

^ 

t^ 

c 

o 

i 

on 

oo 

r- 

r- 

r^ 

■* 

— 

CO 

CO 

o 

Tfl 

, 

en 

oi 

© 

© 

eo 

© 

in 

cr> 

t^ 

tf 

<n 

-^* 

m 

»n 

■^ 

© 

1-1 

'", 

1-1 

1-1 

1-1 

CN 

CM 

CM 

m< 

,_, 

r- 

© 

,_, 

© 

ir 

t- 

•  ■ 

CM 

■* 

© 

CO 

•^ 

co 

■* 

© 

r- 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

^ 

r^ 

CM 

lO 

m 

m 

m 

:-: 

■■'-. 

CO 

c-z 

CO 

c 

^t* 

.- 

ro 

© 

m 

1_i 

o 

a 

CM 

CM 

CM 

CM 

a 

CM 

CM 

CM 

CM 

c 

fc- 

■** 

■■* 

-, 

ns 

OS 

CM 

O 

CO 

CM 

(M 

^ 

r^ 

l-~ 

cs 

en 

a 

© 

OS 

o 

© 

_ 

c 

1-1 

1-1 

1-1 

n 

: 

*n 

+j 

a 

cs 

Ph 

ii 

e 

in 

> 

c 

:' 

o? 

w 

M  <fi 

to 

°  s 

fl 

a  a 

D     5 

c 

o  p. 

P4 

HL 

^ 

Tl 

•V 

S  o 

© 

CO 

© 

5 

- 

c 

tn 

(N 

CM 

in 

a5 

i— « 

r- 

O0 

© 

© 

© 

t- 

- 1 

CM 

ss 

in 

© 

t- 

CO 

OS 

CS 

os 

**■ 

o 

- 

- 

© 

■_ 

c 

© 

© 

h- 

© 

© 

- 

c 

© 

nr 

© 

T 

— 

CO 

•n 

© 

f 

CO 

CO 

c^ 

CM 

CM 

CM 

CM 

© 

w 

- 

in 

■* 

in 

in 

*n 

irj 

O 

© 

t^ 

._ 

-f 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

© 

M< 

"•* 

-+• 

© 

C 

— 

<* 

CM 

W 

CM 

fM 

^ 

© 

© 

_ 

© 

© 

m 

CM 

m 

r- 

— 

t> 

CM 

CM 

m 

r- 

** 

— 

co 

© 

r-i 

© 

»n 

m 

■*f 

-# 

© 

1-1 

1~i 

CM 

© 

r-- 

m 

© 

■*f 

CO 

CM 

CM 

CM 

CM 

CM 

iO 

•* 

CO 

CM 

CM 

© 

_ 

m 

Tt* 

,_, 

(N 

CM 

CM 

CM 

O 

i-ft 

r^ 

■ 

•  - 

© 

© 

_■ 

© 

*"■* 

M 

"H 

M< 

«3 

t^ 

nri 

CM 

OS 

CO 

© 

© 

© 

• 

: 

in 

-£ 

• 

r 

P4 

CO 

s 

^ 

^ 

© 

© 

s 

> 

.2 

CO 

- 

> 

co 

a 

Q> 

■o 

PL| 

- 

w 

a 

197 


5* 

e 
g 
I 

"C3 
co 

"55 


> 


IS 


CO 


«8^ 

O  to 

^    O  fc 

oQ  o 


"C5 


?S<6     1 

~%  w 
■«^  « 

■  ^>  C5     h. 

^  g     I 
«-  C5    <; 

-si 

«o    g 

©' 

si 
© 


g 


"C5 
g 


3 

o 

f^o 

a 


o 
o 
i— ( 

H 

m 
Eh 


00 

1— 

t>- 

S  00 

CO    CO    t- 

■* 

O    CN    CO 
3>    N    CD 

O    N    N 

co 

oi 

OS 

00   CO 

a§3 

s 

«gg 

3 

CP 

iz; 

50" 

>.w  0 

CO 

0  00 

co   co   r- 

■a* 

-1 

CO 

<D    CO 

0   0  10 

00  « 

00 

c3  ^..O 

c  cj> 

cc  00  00 

0.0  a 

">  2  « 

t-  a  w 

P3T3 

0 

0 

3 

UD 

CO       "TfH 

CO    CO    CN 

*>  ■* 

*-*■ 

00 

on 

as  0 

i-H     f     "^ 

**•  t— 

0 
Eh 

0 

»C 

10 

OS 

*-H     ^H 

i-i     i-K     i-H 

a; 

CN     CN     C^l 

«  « 

CO 

CO 

CO 

Tt<     ^t< 

10   u:   w 

0 

43 

0  ci 

CN 

CN 

CN 

CN    CN 

(N    CN    CN 

a> 
> 

3 

w 

s 

OOO 

£ 

; 

0  0 

OO^. 

60     ° 

O 

o 

3 

O 

TO 

CO 

CO 

CO 

CO    CO 

OS    OS    OS 

t— 

r*. 

r»- 

1-^ 

r*.   t~- 

•0   l> 

t» 

i>   r* 

OOO 

"oa 

|  S3 

cn 

«o  to 

CO    CO    CO 

~j 

CN 

CN 

CM    CN 

Ct    CN    CN 

i 

os 

CO 

Oi 

M* 

'      t-    CO 

CN    OS    ^ 

3 

r— 

CO 

r^.   00 

CO 

t- 

r  - 

co  r- 

US    00    CO 

0  ^J 

r-  b- 

CO    CD    CO 

CO    CO 

0 

0 

■a 

^  a  co 

,3  c3~ 

CO 

CO 

OS    CO    M* 

GO 

-t- 

CO 

0 

r^.   0 

CN    O    CO 

.a 

3 

•0  O 

S    O 

CM 

CO 

•0   »c 

CO    iC    f 

CO 

CO 

CO     CO 

CO     CO     CC 

•a 

gag 

0 

aj^1 

Wfe<" 

">  OS 

T3 

o  o 

o 

...  A 

CO 

OS     CO 

OS    CO    -^f 

00 

(N 

TjH 

0 

-*    OS 

CN    ">f    GO 

«  0 

0 

CO     T-H 

13  c  a 

e  S 

tf> 

CO 

CD 

CD    CD 

CO    CO     CC 

a. 

o 
O 

2  <a~ 
0  g  C 

0 

1-4  0  M 
■a 

CO 

on 

CO    «* 

o  _ 

*5    CN 

-co 

o> 

«* 

OS    CO 

CN    CO    CO 

-C    -"i 

*-* 

§ 

P   u 

5 

h5 

13  w 

53 

0 

0 

s 

0 

— 

0  »o 

OOO 
Tt*    CO    CO 

d  crus 
24  ho 

00 

1 

5  X 

OQ  O. 

§ 

£    i 

>     1 

"3    —1 

N 

CM 

s    '■  % 

0     co     CO     « 

8  .2 

0 

in    « 

d 

c3 

*H         CD         O 

^    fe    fe    fe 

-    _    _   _ 

&* 

Ah 

0    fv 

Ph 

§     CN     CO 

O 

CO 

^    Tt*    CD    CO 

Q 

CN 

m 

CO 

^ 

OS 

t^- 

CO 

»o 

■>!f 

CN 

OS 

•r 

40 

CO 

i-h     CM     CN 


lO     ID     >0 

CD    CO    CO 

id   00   r*. 

CD    OS    Oi 

r-   t--   t- 


00  ^**    tf 


Oi    Oi    *&  ^t 


■V   ^    >-< 

r*.  1*-  i-~ 

tC    f    ^ 

S  10 

CN    CN    CN 

CN    CN    CN 

CN    CN 

CD     CD     CO 
CO    CD    CO 


CO    CO    CO 


O    N    if)  I-- 

»o    CO    t- 


a     N     rM 
CN     t~- 

co  r- 


co  10  CN 
CD  CD  CD 
CO    CO    t-- 


■D    tJ-     -fl- 
CC    CC    CD 


0  0  »o 

000 

0  *o 

cn  co  r- 

CN    CO    CD 

O    t^ 

0 


t-      d>      OJ 
P    CN    CO 


as   r» 

re 

os    »o 

10 

1^   os 

TP    O    CN 

^      TP      If) 

OWN 


CO    CO    CO  .-h    .-( 


Tt*       "*       OO 


iO  N  H 
00  --<  CO 
OS     CO    tj* 


t--  t--  t^ 


r-   r-   1^. 


CM    CN    CN 
CN    CNi    CN 


OOO 

OOO 


00   00   00 


i 

»o 

± 
"D 

s 

W3 

S 

CO 

O0 

CO 

CO 
CN 

CO 
CN 

CO 
CN 

CO 
CN 

CO 

(N 

in 

<N 

«5 
CN 

D< 

CN    CO    OS 

-#   co   r- 

•O    N     QO 


CD    ID    O 
CO    CO    CO 

H     (D     O 


CN  .-<     r-H     —t 

CO  CC    CO    CO 


— t    CO    o 


CO     CO  ^-( 


CD    CD    CO 


O    O    CD 
CN    CO    OS 


CD    t- 

os"   r^ 


O    CO    O 
CN    OS    CO 


s  s 


CJ  ^^  <D  t-  t- 

■-  3  j-  a  o, 

°-  S  a  o  04 

■o  J3  00  -1  .-1 


198 


■>*  --^ 

CO    i-H 

•«# 

CO     t- 

■*    CO 

io  ■* 

o 

.-1    00 

■* 

Tt<  ^ 

o  o 

OS 

.-H     »C 

■«*<  1-t 

Tf 

iO    o 

T?      -Tf 

»o   *cj« 

o 

r-  co 

CO     OS 

U3    CO 

«* 

TJ4     ITS 

o  o 

o  t^- 

co  r^ 

Si 

OS       Tj< 

o 

■^     CM 

r~*     CO 

CO    00 

r~- 

r~ 

I>-  t- 

r»  t- 

r-   r»- 

os  co 

CO     CO 

© 

©    OS 

CM     CM 

o  o 

CM    CM 

CM 

CM    CM 

CM    CM 

CM     CM 

© 

ss 

ss 

o 

o  o 

o  o 

00 

CO    CO 

CO    00 

00    00 

r- 

b-  r- 

t-   t^- 

^   ^   ^ 

CM    CM 

OS    OS 

© 

CO     CO 

CO    co 

"*f   TJH 

CM 

CM    CM 

CM    CM 

Cm   cm 

CO    h- 

U0 

t-    »0 

t--  r- 

co   r^- 

-tf«    CO 

iO    CD 

r»  r- 

CO     CO 

"^ 

tp   ^ 

CO     CO 

CO    CO 

1_( 

O    CM 

CM    CO 

CO    CO 

■* 

t^-   r- 

O 

co  © 

Tt<      CO 

F-4    OS 

CO 

CM     CM 

CO 

CO    CO 

CO     CO 

CO    CD 

CD       ■-! 

r~.  os 

o 

CM     CO 

■**«   r- 

.-(     tJ< 

CO 

CO     CO 

CO     CO 

CO     CO 

o 

O    "3 

O    CO 

©  o 

CJJ 

CO    t^ 

CM    OS 

CM     O 

c_>    cO 

o   »o 

o  o 

cz 

O    CM 

O    CM 

CO 

C 

03 

Ci. 

_^* 

c 

ti 

,     > 

>  " 

CO     o 

' 

_ 

CO      CO 

CJ      CD 

-2  cp 

^    D. 

o 

ft  ft 

3 

a  ft 

©    CM 

1- 

>» 

Q 

ra 

M 

O    ID  •-• 


CM     CM  H     -h     -h 


^ 

O 

»o 

CO 

en 

r- 

CM 

Q 

O 

on 

1-1 

CO 

»c 

CO 

^1       ^JH  _<       _i       _-, 


OS 

7 

l> 

r~ 

OS 

O 

o 

O 

1-1 

r"< 

~ 

--»    .-t  CM    CM 


o 

o 
o 

o 
o 
o 

o 
o 

o 
o 

o 

o 
o 
o 

o 
- 

o 

CO 

o 

00 

CO 

CO 

CO 

00 

00 

00 

CD 

CO 

CD 

CD 

CO 

CO 

CO 

CD 

Tt» 

CO 

CO 

CO 

CO 

CO 

CD 

CD 

OS 

OS 

CM 

r*- 

CM 

to 

OS 

■* 

r- 

r» 

CO 

l^ 

*o 

CO 

iO 

CO 

o 

GO 

"*H 

r-- 

?_ 

r~ 

OS 

lO 

CO 

CO 

00 

r- 

CD 

CM 

t* 

OS 

t- 

8 

t-- 

OS 

iO 

CO 

00 

co 

o 

*-      ,_  ,_,     r-,  OS     O     O 


O    CD 

O    CO 

o   r-   o 

CM    OS 

i-«     OS 

CM     GO     00 

o 

o 

o 

o 

© 

O 

r>. 

o 

rM 

3 

CM 

*-' 

CM 

*-H 

3  o.  a  a 


Ph  Q 


CO    CO 

OS      ,-H 
CD     i-H 

^H     CO 

00    t- 

OS     CO 
CD     lO 
CO    t- 

CO 

iC    CD 

CM     CM 

CO    O 
CM*    CO 


^h    ^h    CM 


,_, 

00 

CM 

-# 

t— 

CO 

t- 

00 

o 

CM 

CO 

CO      "^  — .      ,-H      ^H 


o 

CM 

CM 

CM 

OS 

OS 

© 

O 

o  o  o 


OS 
CO 

CO 

OS 

CO 

CO 

OS 
CO 

CO 

OS 

CO 
CO 

CO 
CM 

CO 

CM 

CD 
CM 

CD 
CM 

CM 

CM 

CM 

CM 

CD 

ff> 

r- 

CM 

OS 

o 

iO 

t^. 

r- 

-* 

iO 

LO 

Tt< 

co 

lO 

CO 

CO 

r-- 

r* 

. 

00 

lO 

i  - 

^f 

CO 

- 

o 

»o 

^^ 

CM 

00 

co 

CD 

CM! 

CO 

t- 

CM 

r~ 

CO 

O 

CO 

LO 

"* 

iO 

o  o 

O    CO 

O    OS    o 

CM    O 

CM     OS 

CM    ©    O 

«  ft 


Q  cu  03 


«     o  W  oj  M 

aS  .s  a>  cu  <u 

ft  3  ft  ft  ft 

©      2  O  CM  Tf- 


CO 

eq 

^t 

^C  co 

■—■ 

CO 

t~ 

OS 

00 

t-    OS 

co 

io 

1/3 

CM 

Cm    h 

in 

CO 

CO 

©     OS 

CD 

CD 

EC 

CM 

o> 

© 

T* 

CM 

CO     © 

CO 

ffi 

*o 

o 

©  © 

t- 

r— 

r~. 

h- 

t>- 

i> 

r-   t— 

r- 

OS 

rM 

CM 

CM 

CM     CD 

OS 

OS 

© 

© 

©     © 

CM    CM 

O 

© 

©    © 

© 

- 

o 

© 

©    © 

© 

3 

© 

© 

©    © 

00 

00 

00 

CO 

CO    00 

© 

CM 

CM 

CM 

CM    00 

CO 

<y. 

CO 

CO 

co   •* 

CO 

© 

CD    H* 

CM 

CM 

CI 

CM     CM 

r- 

r* 

© 

r~   -* 

CO 

IO 

©   *o 

t"- 

b-   © 

-r 

co 

CO    CO 

© 

*n 

© 

iO 

©    CO 

ira 

Tf 

CD 

CM 

OS 

00 

©     r-t 

© 

CO 

CO 

©   »o 

■^ 

m 

CM     GO 

a 

CM 

CO 

CO     CM 

CM 

CM 

© 

CM     .-( 

© 

© 

© 

©    »C 

© 

© 

Cm 

lO 

©    © 

CM 

© 

r- 

,_* 

©    M 

© 

©    © 

S 

O 
CO 

© 

s 

g  S 

<tf 

fl 

PM 

:  8 

"S 

!   ft 

09 

t> 

1-1 

O 

> 

<S  ,ci 

O)     o 

d 

a 

s 

l/J 

ft  ft 

ft   3 

!S  2 

ft 

O 

Ph 

Ph 

^H      r^ 

= 

CO 

t>» 

0H 

Q 

tn 

199 


=  2- 

CN    CN     iO 

— '     CN              O    Q     CN 

©    X'   © 

CN     W              <0     iO     00 

r-   oo   co 

r-   xo          us   t)i   lo 

£  iO    *o"    © 

CN     C-i              —     —     — " 

fe  S  c 

iS 

^■§M 

'=£    i 

<N    cd    cd 

■— i   oo         os    ©   O 

>>  w  O 

©     O    iO 

CN     —l              iO     N    W 

c     ^-    <N    © 

I—    r~          -O    t^    o 

£    id    ©    © 

CN     CN              i-H     .-h     CN 

|ig 

"3  o  7- 

pqja 

t-     CN     © 

CO     OS              ©     N     ■' 

*  N  O    « 

00     OS              OS     -^     CD 

t^-    00            OS    «-l    (N 

8(CNN 

r-   r*.         r-   r-   r- 

^o 

"© 

q 

CO     CO     t-- 

l-    io           to    *C    CC 

o 

3 

C 

©    ©    r~- 

CO             CO    CO     CO 

n 

o,   OS    ©     30 

O    O            O    O    O 
O-l    CN             CN    CN    CN 

> 

"3 

o  o  o 

O   o         o   o   o 

coo 

o  o         o   o  o 

oo    O    C    O 

o  o         o  o  o 

52     0C     OC     OC 

00     00            CO    GO    OO 

o 

5 

^ 

q 

N    (N    « 

CN    CN             —    —    >— t 

o  o  o 

C     O              CN     CN     CN 

eo  CO   co    co 

CO    CO              T     -f     T 

"3 

^    Cl    N    CS 

co    ed          tH   ■*   -^ 

CN    CN             CN    CN    CN 

o 

^ 

q 

IN    N    h 

©    CN             CN    O    OS 

uo    -rr    io 

I-    OS            ■*    CS    O 

g,  *o   co  © 

■*     iO              iO     CD     Q0 

i 

o  o   o   — 

t-    t-            ©    ©    © 

CO    CO            CO    CO    CO 

O 

. 

"2^ 

C   CO   o 

ura   ©   -^ 

CN    H             O    00    CD 

J 

©     Tl<     N 

CD     00              ■*}<     CD'     CO 

(,    O     O0     H 

©     i-t              ^     CO     CN 

V 

£  +j.a 

Bgdn 

»-H     l-H                OS     OS     OS 

"5  £  c 
*  r  o 

C 

c 

K5m 

■^ 

-3 

c 

u^ 

N    N            ©    00    ■**< 

OS     !•*     CN 

CD    N             -*f     — 1    OO 

c 

c  «  c 

^     5      H     lO 

©    CO            ■**<    CD    CD 

a  g  c 

£  r-  o 

M  O  w 

£      ©       —        W 

ii    C    tC    CD 

i — i     i — i             OS    OS    OS 

CD    ©            iO    iO    >0 

c 

C 

o  o  o 

©    CO            ©    ©    © 

o 

j.   w    o    o 

CN    ©            CN    ©    © 

-  q 

"3  O 

fc£  ^S 

^5 

o  w 

^ 

yA 

T3  w 

o  o  o 

O     ©            ©    ©    © 

03  ^ 

©   ©   o 

O     iO              ©     CD     © 

CO      -*f     "^ 

CO    CO            CO    CO    -^ 

=  -C 

£ 

5^ 

g 

-  5 

x  — 

1     "O 

S 

•     c3 

i   :  £ 

m    w    m    «    M    (O1  m  '■ 

»      C      ti    ,^      Ct'      Cv     O 

9   c   fl    « 

C3     c3     g 

-1.    Z_    z.    =     Q.   O-   C 

|  5  S  g, 

>    CN    -^     S    ©    CD    O 

g     r^     r-.    ^     CO     CO     M- 

•—                o 

1                        ^ 

c         £ 

GO                    M 

CC     iC     CN     h 


CD    ©    CN    CN 

CO       —       **       t-H 

■*  r-  r-  © 


t~     "D     CO     © 


CO  ©  CM  CO 
U-.  CO  GO  -- 
J2     OO    ©     O 


O  ©  ©  © 

©  ©  ©  O 

©  o  o  © 

OO  00  OO  CO 


rf    -*    t^    r- 

CC     OO    0C'     iO 


CD    O    CO    Tf 
CI    W    CN     CN 


m 

% 

<N 

CN 

Tf 

T*~ 

■* 

o 

CO 

*o 

tJ< 

UO 

E^ 

— ' 

— 

r-~ 

CD 

TT 

ft* 

CO 

CO 

O 
© 

iO 
CO 

© 

© 

— 

© 

CN 

Q 

CD 

© 

E 

© 

i-3 

© 

© 

iO 

CO 

© 

OS 

© 
CN 

< 

© 

© 

© 
■O 

©  ©  ©  © 

(N    CN    CN    CN 


"O 

-  p  <? 

Ph  c3  a    S 

-  Ph  a  S 

C  ..  tc    o. 


£  Q 


O     en 


ll 

CO    Ph 


200 


J** 


00 


.  ^  — ~ 

^3   S 


<3 
oo 

"oo 

o 


63  C:    CB 

c^ 

Ci 

■* 

-t" 

~r 

-" 

-f 

c: 

Ci 

00 

' 

X 

nn 

OO 

c3 

iO 

O 

"o    *""    '"", 

=5. 

,    w 

£    ■*}«     «£ 

Tj< 

_ 

~r 

■^ 

R 

§sf  as 

^3S 

"* 

-f 

ro 

cr 

■* 

■^ 

Ci 

CN 

CJ 

*o 

g§coa 

<§d  ' 

o 
a. 
>, 

>> 

Press 
cloth 
and 
mend- 
ing 

SO         *          ' 

a      '      • 

'o      !      ! 

q    !    : 

| 

1 

o 

o 

CD 

o 
ci 

oo 

1       ' 

2  o  o 

c: 

; 

; 

O 

e  cn  ci 

-i  «  n 

GO 

; 

; 

3°  ' 

; 

! 

iO 

r~'o 

oo 

00 

CJ 

CN 

CI 

CJ 

CI 

3d  ' 

I 

_ 

£  r-  o- 

t^. 

^ 

c   -*    "* 

■* 

t* 

■f 

-T- 

o 

*c 

iO 

lO 

U-3 

iC 

m 

E-l 

§""" 

UO 

lO 

to 

IC 

lO 

iO 

m 

-3 

J?   Cl    CI 

CI 

CJ 

CJ 

*N 

CI 

CN 

CI 

5  c  - 

e  co   co 
-S  ci   ci 

CO 

CJ 

c» 

CM 

CJ 

CJ 

CJ 

CJ 

o 

£=3,3 

§°  ' 

o 

on  i_|    r 

^ 

,__, 

w    CI     CI 

-C    IN     IM 

<N 

-1 

CS 

CJ 

"  1 

CJ 

■a 

o 

CN 

C4 

CI 

CJ 

CI 

CI 

>. 

3d    " 

3 

T) 

£    ^     "# 

•^ 

■* 

-(f 

C3     *t*     T* 

■^" 

■^ 

■^ 

Tt< 

-f 

Tj* 

^    CO    CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

<! 

«iS 

o„  cn 

<N 

w 

cs 

CM 

CI 

ci 

CJ 

£  o  o 

O 

o 

o 

O 

o 

o 

o 

o 

|| 

t;    m    >o 

iC 

m 

m 

lO 

io 

f* 

r~ 

°co« 

fN 

CI 

CN 

CD 

Q. 

<^: 

to 

o 

CN 

(.^ 

Cl 

CN 

:  i 

CJ 

E-< 

£  r-   r- 

Q  ■*   -^ 

r~ 

t^ 

r~ 

r- 

t^ 

m* 

Tjl 

Tp 

•* 

«* 

■* 

•* 

~  M         • 

£  ©  © 

o 

o 

o 

~ 

o 

c 

o 

0.05 
.05 

iO 

in 

lO 

m 

w 

•  ■■< 

a 

■§fg|.s 

o 

o 

o 

O 

o 

_ 

o 

IjkJ 

If} 

lO 

'* 

m 

o 

73  P™,2 

§°  ' 

£  ©  © 

o 

o 

o 

o 

o 

- 

o 

•o 

»o 

>o 

m 

•p 

c 

ci  " 

° 

e  o  K  a 

00 

Q 

-2    CJ    CI 

a 

-. 

OS 

- 

Oi 

- 

d 

CI 

CN 

(M 

CJ 

CJ 

.=  o  <»  g 

3d    ' 

!» 

j  t-      a 

* 

rO 

CO 

oo 

Od.SC.2 

m 

■g 

^    CO     CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

2^2  M*" 

3°  ' 

w 

in 

o 

o 

— 

aj  3 

o 

o 

o 

-- 

o 

— 

o 

p-S   -rH    -^ 

tP 

M< 

^ 

>*t 

<^d    ' 

jQ 

-d^  w 

£  -#  •** 

"^ 

^r 

"^ 

Tf- 

_ 

■* 

IT. 

iC 

m 

m 

a>    .  a 

cc 

;:: 

to 

to 

TOM 

j=>  ^i  ^ 

C)  ■*   t 

># 

■^ 

■* 

M< 

■* 

•T 

TJH 

TT 

'tj* 

TP 

^ 

TJ1 

5     o 

J£  o  o 

C£ 

00 

CC 

-^ 

o 

o 

o 

m—  8 

(M 

a  o  a 

Q         © 

J       w 

■=; 

-oS^  2 

On   o    o 

o 

o 

o 

o 

iC 

•* 

OTP&2 

g 

« 

a     i    '■ 

«     i 

*0    ~*    c* 

tM 

f/i 

O     JJ? 

*n 

to 

f)  a  a 
o  i2 

d 

c3 

o 

CJ 

02 

3  g 

a 

p. 

G^   ^ 

- 

CO 

■5  ^ 

<£> 

CO 

£ 

.b 

t>. 

fi 

W 

O    31    a  rf-^-*  "*"* 

ci   ai    oo  cc   co   cc         oo   oo 


—    —   — 

CO     CO     CO 


CJ     CI 


o  o  o 

iO    »o    m 
CJ    CM    CI 


CD    CO    (C 


cr.    ~ 
io  id 


CJ    CJ 
CN    CJ 

CJ 

CJ 

CJ     CJ     CI 

CJ     CJ     CJ 

CJ     CJ 
CJ    CI 

o 

CO     CO 

CO 

CO     CO     CO 

CO    CO 

CJ    CJ 

CJ 

CI     CJ    CJ 

CJ    CJ 

o 

o  o  o 

00    00    CO 
CJ     CJ     CJ 


CJ    CI    CI 


CO     CO     CO 


oj  as 

Ol 

Oi 

OS 

<c- 

c>   O 

CN    CJ 

CN 

CN 

CJ 

tN 

CJ    CI 

CO    CO 

OO 

CO 

oo 

CO 

CO    CO 

CJ    CJ 

c* 

CN 

-1 

CN 

CJ    CJ 

M* 

o  o  o 

o  o  o 


©  o  o 
©  ©  © 


© 

2 

<■- 

iO 

»o 

■  *. 

*o 

« 

m 

© 

© 

o 

© 

o 

O 

© 

in 

CO 

CO 

CO 

CO 

CO 

CO 

© 

T. 

-. 

a ! 

CJ 

CJ 

CN 

CN 

CN 

CJ 

CN 

ci 

© 

OO      OO     © 

m   io   >o 

CO    CO    co 


CO 

CO 

OO 

© 

© 

© 

© 

© 

Tf 
-* 

Tp 
■^ 

■^ 
■^ 

■* 
■^ 

■^ 

3 

o 

© 

iC 

© 

o 

© 

© 

.- 

CJ 

© 

l> 

CI 

CO 

© 

© 

I— 

©    ©    © 

^O    ©    00 

in  i-  o 

©    00 

> 

en 

c 

3d 

s 

t- 

CJ 

<y 

P. 

& 

a 

a.  a 

a 

V 

Hh 

- 

z_ 

ts 

CS 

CO 

*^ 

© 

00 

-r 

b-< 

>. 

Q 

Ph 

GQ 

w 

co    co   en 
rH    »-i    W3 


©    © 
CJ    CJ 


ri   ci   c» 

CJ     CJ    CJ 

i-   r-  t- 


m   io   io 


Cl     CI     CI 


io  m   io 


CJ     CJ    CJ 

Cr.     OJ    © 

CJ    CJ 

©  © 

Cl    CI     CJ 

© 

io  m  m 
©  ci  © 
©  ©  © 


©   ©   © 
co    co   co 

CJ     CJ     CJ 


o  ©  © 
CO  CO  CO 
CJ     CJ     CJ 


CO     CO     CO 

co    CO 

CO    CO    CO 

©   ©   © 

©  © 

©   ©  © 

CJ    CJ    CJ 

CJ     CJ 

CJ     CJ     CJ 

l>-  t"-  J>- 

-J"      Tf      ^f 

r--  i>-  r^ 

■^     tP     M< 

©  ©  © 

>Tj     io     m 

©  ©  © 


© 

m 

iO 

iO 

in 

»n 

in 

m 

m 

© 

© 

o 

© 

© 

© 

© 

O 

© 

in 

»o 

m 

m 

»n 

CO 

CO 

CO 

CO 

CO 

CJ 

CO 

© 

- 

© 

© 

© 

~ 

Ci 

CN 

CJ 

CN 

Cl 

CN 

© 

©  ©  © 
o  m  m 
co   co   co 


t     f    rf 


m 

in 

© 

© 

in 

© 

in 

•n 

© 

© 

3 

3 

-* 
■^ 

■^ 
■* 

** 
■^ 

© 

© 

© 

© 

r- 

© 

OO 

© 

CN 

CO 

© 

© 

t- 

CN 

© 

00 

CN    CO     ^     g| 

■P    +i    «      CJ 


.2  8J  a  as 


c  a  cj   a, 


201 


.-  C  H  B  o 


»   Oi    O    O 
K.    O    OS     OO 

a  10  iq  h 


C    Tf     rj-     •*# 


>T3  .2 


i-3  «      u 


d 


03  a 


■^    M"    CO 


k   "O    13    W  OO  OO 

a  r-   r--   <M  io»o  ui   io 

— i   00    00    O  M    w  CM    <N 

Q°    '    ' 

^  06  00  00  0000  0000 

5    IO     W    >0  W)    >Q  IQ    M5 

£  cm   cm   cm  CM   CM  cm   cm 

8   O    Ol    OJ  OSOS  OSOS 

15~~  ~~  "~ 

^OO©  OO  OO 

e  00  00   00  0000  0000 

k  ©   o   o  OSOS  oscs 

tj  n   h-   s  r-   r-  r-r^ 

■»-    OS    OS    OS  OS    OS  OS    OS 

o  _;  _j  _j  — ;  — '  _ ]  _; 


10  10  >o 


CO    CD    CD 

CO    O 

CO    CO 

CM    CN    CM 

CN    cm 

CM    CM 

^000 


o  o 
o  o 


o  o 
10   to 

o  o 


5g,§ 

a  o  x  c 
.-  o  ^  «J 
J1-      & 


.2  io^-Ow 
e  «.£  d.g 

"5  JD  OE  C3  -*-> 


00    d 


3       c 

co5 


*e&s 


k  c  o  >o  .o  to  10  >a 

53  £  H  ""  ^   ,_l  ■-,,-H 

15~~  ~~  "" 

£000  00  00 

W    iQ     tO     to  tO     to  IO     10 

^  n  m  «  coco  w  co 

<s  _J  _J  _J  _J_J  -J_* 

C  C!  O  O  OSCS  OSOS 

^  IN  W  !N  CM  CM  CM  CM 

t^  ©  ©  ©  to  (O  ©  © 

e  to  to  »o  10  "5  10  10 

^  «  CO  CO  COCO  COCO 

3° 

£  ©   ©   ©  OO  OO 

a  ©  ©  ©  o©  ©© 

Is  ^~  "  "" 

C2    ©    tO     to  O    iO  iO    tO 

so  co    (O    ID  ©    ©  ©    © 

.2  ©  o  to  ©©  ©o 

"^  oi   co*   r^  cm   os  cm"   © 


©  © 

0  © 

O    CM 

>    CN    CO     o     &     «j 

^  is  i2  ©       n  3.  s  ^  *" 
g  e<  fc  S,  g-„  »  ,§  S  3 


10 

to 

© 

© 

© 

00 

CN 

CN 

<M 

CN 

cn 

© 

T* 

-r 

^« 

■* 

^ 

^H 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

© 

© 

© 

© 

© 

© 

© 

t^ 

h- 

b-^r- 

r- 

h* 

to 

U3 

O 

to 

© 

r~ 

r. 

b- 

r- 

t~ 

^ 

f 

■^ 

— 

~ 

© 

© 

O 

0 

0 

CO 

00 

r 

© 

© 

© 

© 

CO 

© 

© 

© 

0 

0 

0 

© 

O 

© 

co 

CO 

CO 

M 

CO 

CO 

CO 

CO 

-* 

■* 

•^ 

"* 

■^ 

•<s* 

TfH 

©  © 

CM    CN 


©    © 
CN    CN 


©    ©    CO 
CN    CN    CN 


•O     tO     to 


©     © 

to    -O 
CO     CO 


©   o   © 

iC    10    o 
CO    CO    CO 


CO     CO     © 

10   >o   o 

CO     CO     CO 


©  ©  © 
©  ©  © 
■^   V    ■** 


i-2 

© 

*o 
© 

to 

© 

to 

© 

10 
© 

10 
to 

-r 

-*■ 

— 

— 

O 

© 

0 

© 

0 

r- 

O 

CN 

OS 

i-H 

OS 

CN 

00 

OO 

to  © 
r-  © 

.-h    CM 


©  ©  © 

C    (N     ^ 
i-f    CM    CN 


^    fe 


^  o 


O      CD    « 
N    00   i    H    CN    CN 


CO    CM 


OS    OS 
©    00 

iO    1— 1 


CO    CO  ^**     ^     t*h 

OS     OS  CM     CM     CM 


©     ©     © 

©     ©     CO 


10 

to 

O 

© 

CN 

CM 

CM 

CM 

CM 

00 

00 

r 

**• 

■^ 

rf 

© 

CO 

© 

CD 

© 

© 

© 

r- 

b- 

t*- 

b» 

CO 

r^ 

CO 

CO 

CO 

CO 

© 

OS 

os 

OS 

w 

-J 

CN 

n 

CM 

© 

tO 

10 

tO 

to 

»o 

*o 

tO 

10 

10 

tO 

to 

to 

»o 

to 

0 

0 

0 

0 

© 

0 

0 

t* 

t^. 

r>. 

r- 

M« 

■-* 

^ 

1< 

•* 

^ 

■* 

© 

© 

CO 

CO- 

CO 

CO 

© 

CM 

CN 

CN 

CM 

CM 

CM 

CM 

r~ 

t» 

t~- 

r- 

■<t" 

■«* 

■^ 

■*« 

•** 

^ 

©  o 
to   to 

CO     CO 


o    ©    © 
•O     tO     to 

CO     CO     CO 


©   ©   © 

tO     to     iO 


tO     tO 

©  © 


■**   ^   ^f 

tO    tO     tO 

CO     CO     CO 


■* 

5 

•^ 

^f 

0 

O 

O 

© 

© 

© 

O 

CM 

© 

CM 

© 

CM 

Z. 

O 

©  © 

©     tO 
CM     CM 


p,  3  a  o.  a 


Cm  02 


202 


■* 

^f 

ns 

GO 

CO 

wo 

wo 

>— ' 

■— 

•H 

-. 

""* 

■^ 

*"■ 

'"' 

■*f 

-*< 

Tf* 

t* 

■^ 

CO 

■* 

CM 

CM 

© 

o 

o 

CO 

o 

o 

o 

cm 

30 

on 

CO 

■V 

o 

wo 

O 

o 

o 

CM 

t- 

r*- 

wo 

to 

00 

00 

o 

10 

WO 

wo 

CO 

eo 

CO 

to 

to 

CO 

CO 

CO 

to 

to 

to 

CO 

CO 

CO 

CO 

O 

OS 

OS 

as 

OS 

OS 

o 

to 

to 

CO 

to 

CO 

to 

o 

o 

o 

o 

o 

CO 

oo 

CO 

CO 

CO 

CO 

CO 

CO 

■""' 

rH 

,H 

*■* 

rH 

*-. 

o 

o 

o 

o 

O 

O     ' 

CM 

o 

o 

o 

o 

O 

o 

«o 

WO 

*o 

M3 

UO 

WO 

CO 

o 

eo 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

t- 

t^ 

r- 

1^ 

r- 

r-~ 

■>* 

■* 

•^ 

^i 

T 

■* 

o 

o 

o 

O 

© 

o 

wo 

WO 

>■ 

wo 

»o 

UO 

o 

o 

_ 

o 

o 

o 

o 

ia 

HO 

wo 

ifl 

WO 

WO 

© 

o 

o 

o 

O 

WO 

wo 

W0 

wo 

WO 

CO 

CO 

eo 

CO 

CO 

CO 

rH 

*-' 

i-H 

rH 

rH 

rH 

^H 

-. 

CM 

Cm" 

CM 

Cm 

CM 

o 

CO 

to 

wo 

wo 

« 

UO 

wO 

WO 

CO 

CO 

CO 

CO 

CO 

CO 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

■* 

T*l 

*# 

"3* 

** 

■f 

o 

■<r 

^ 

-* 

-*J- 

*t* 

*# 

wo 

to 

CO 

CO 

CO 

CO 

CO 

5 

3 

3 

-<* 

3 

o 

to 

CM 

lO 

CO 

o 

CM 

r*- 

_ 

OS 

CM 

s 

3 

o 

o 

wO 

o 

Tfl 

<M 

CO 

■^ 

eo 

Tp 

a 

PL. 

tn 

"S 

u 

a 

s 

t> 

0  •' 

CM 

o 

>  ■*■ 

»o 

w    en 

', 

o 

ij     i; 

aj 

K  a 

0 

ft    0 

a 

3 

a 

g    i-H 

Ah 

fe-  2 

Cm 

-d 

g 

5 

a 

os    os    ao 

W0       tO       T-H 


wo    wo    w^ 

r-   t-   cm 

00    OO    CO 


o  o 

wo    to 
CM    CM 


o 

6.761 
6.761 
6.761 

to  to 

tO    <0 

6.761 
6.761 
6.761 

GO    OO    CO 

o  o  o 


CM     CM     CM 


©    ©    © 

eo  eo  eo 
eo  eo  eo 


o   o 

CO     CO 

eo  eo 


o  o  o 

co   eo   co 
co   eo   co 


U0    tO    wo 

WO    WO 

wo    -^    wo 

CO    tO    CO 

CO    CD 

tO    cO    cO 

CM    CM    CM 

CM    CM 

CM    CM    CM 

r-   t^-   r- 

•^    -cf    ^ 

r-~  t^-  t- 

wo 

wo    wo 

WO 

WO 

o 

o  o 

o 

O 

o 

O    © 

WO 

wo    wo 

lO 

U0 

wo 

wo    wO 

© 

o 

©  o 

o 

o 

o 

©    © 

wo 

WO    wo 

WO 

WO 

CO 

CO    CO 

m 

CO 

eo 

eo  eo 

os 

OS     OS 

as 

CM 

CM    CM 

CM 

CM 

CM 

CM    CM 

o 

cO    cO    cO 


CO  © 
wo  WO 
CO    CO 


to   to   to 

wO    WO    WO 
CO    CO    CO 


©  © 

3  S 


wO 

cO 

wo 

© 

WO 
CO 

lO 

© 

WO 

© 

wO 

© 

WO 

© 

wo 
© 

■^ 

Tf 

■"* 

*>* 

Tf 

^r 

© 

© 

© 

© 

CO 

© 

© 

© 

CM 

OS 

OS 

CM 

© 

CM 

o 

© 

VJ     C3     C8 


a  a  o,  s 


wo    wo    ©    © 
CM    t^    wo    wo 

©     CO    CM     CM 


©  ©  ©  © 

CO  CO  CO  CO 

©  ©  ©  © 

r*"  t>"  t^  r^ 


©  ©  ©  © 


iO  wo  wo  wO 
OS  ©  ©  © 
©    ©    ©    © 


wO    wo    wO    wO 


to    ©    cO    © 
CM     CM     CM     CM 

r-^  t^"  r-"  i^" 


©   ©   ©   © 

WO    wo    wo    wo 

©  ©  ©  o 


wO    wO    WO    wO 


©    ©    ©    © 
WO    wo    WO    wo 

co  eo  co   co 


©     OS     ©     © 
CM     CM     CM     CM 


CO    CO     ©     CO 
wO     wo     wo     wo 

eo   co   co   eo 


©  ©  ©  © 
©   ©   o   © 


©  ©  o  © 

CM*     CM     CM"     CM" 


a 

w 

« 

33 

a> 

^ 

P4 

a 

at 

© 

© 

£    °   &    ^» 
Ph  Q  od  M 


20S 


"TS 


^ 


^ 

<^ 

-3  3 

^  d 

£'£ 

^  d 

ra 

•g    O 

y, 

"~3     1 

o 

<a 

SO 

CO 

gta 

= 

o  JL 

3s  °S 

w 

SJ  Ci 

S> 

■«  ■*-< 

tf 

£>.  - 

n 

?!*- 

►J 

t>  l"~i 

<< 

*=>« 

P 

~->   <u 

14 

53   &. 

y 

s^     53 

<! 

^ 


CQ 

EH 


r^ 

r- 

r- 

32  c  o  o 
H.S      M 

io 

K     CO 

d 

to 

id 

d 

rf 

0 

o 

EH  • 

si  c  o  o 

Is'fip 

CO 

r* 

r- 

»n 

O    CO 

CO 

lO 

tr. 

CM 

CO 
CO 

C|  " 

"cs  . 

»   CO 

^ 

«< 

in 

Tf* 

o 

22  >i 

§  cS-'S 

e  _ 

_ 

■— 

o 

c 

o 

— 

— 

c  d 

q 

^  »  g  a 

»o 

r- 

_ 

a 

aa 

r-. 

<~> 

C33 

-2  "■* 

co 

CO 

C 

■t 

CO 

CO 

CO 

C4 

■V 

CO 

CO 

^  S  E  £ 

5>      K     Q     W 

o  d 

o 

so    o 

rN 

— 

OT 

IO 

y-A 

r- 

.5  =  >> 

CO 

h- 

r^ 

/ 

V. 

a- 

CO 

OJ 

CO 

CM 

co 

o  cu*n 

o  o 

CQ  « 

q 

.    C  to 

cO 

(N 

CO 

oo 

OS 

,_, 

rf' 

7?.   ©   © 

goo 

1-1  c3  w 

"o  o 

<M 

CM 

CM 

F 

so    CM 

(N 

OS 

r» 

CC 

CO 

■^ 

Tf 

rf 

Ss 

-2   C* 

CN 

CN 

C-l 

CM 

CI 

CM 

Ol 

o  d 

ft 

pp 

^ 

>» 

TJ 

.c  S  > 
3~S 

*        60    OS 

c-i 

CD 

to 

r» 

Wl 

iC 

CO 

-1 

o 

CJ 

CO 

CM 

CO 

*o    i^; 

>o 

o 

'"■ 

lO 

iO 

■  " 

iO 

c 
ffl 

Is 

(M 

« 

a 

CM 

« 

CM 

CM 

CM 

.a 

© 

«o  oi 

00 

o 

r* 

© 

£    — 

- 

— 

o 

o 

o 

O 

o 

© 

Q 

*K 

c3 

sc    iC' 

T3 

o  5 

1=    "0 

tn 

CO 

oo 

= 

Oi 

oo 

CO 

o 

Oi 

00 

3 

5 

H  ft 

q 

.  -w  fl  t. 

•* 

© 
o 

CM 

=5  : 

CN 

r^ 

- 

CO 

CO 

! 

r— 

C 

o 

■S-O  C  3  C 

«0     O 

— 

Ol 

<N 

o 

0 

oo 

p^i 

CO 

t-l 
© 

o 

XI 

C3 

<■■ 

CM 

on 

or- 

O    d 

CO 

CO 

* 

"". 

CO 

i-O 

»Q 

u3 

o 

q 

• 

O 

«o   o 

— 

0 

oo 

'O  o 

OJ 

■S  ° 

'_ 

CO 

OO 

«b 

o 

•v 

M 

I— 

Ph 

o  d 

CO 

<tf 

CM 

CO 

CO 

■^ 

CO 

f=i 

*5     W 

lO 

>H 

,_, 

t- 

ea 

M  ^ 

tu 

cn 

t- 

CO 

00 

CO 

CO 

CO 

i- 

CO 

Eh 

C     d 

r- 

o 

00 

iC 

CO 

<o 

CO 

CO' 

*h   C   3   C  ~ 

"  c3^  53  © 

«o  O 

OJ 

«* 

lO 

Ift 

ID 

o  o 

CO 

CO 

■* 

. 

CM 

CM 

CM 

C) 

CO 

© 

«     -H 

in 

m 

C 

5  o 

o 

CM 

CO 

CO 

CS 

Ci 

c3 

Ph 

fr 

C| 

to 

_^ 

CO 

_^. 

,- 

i-O 

fc    CO 

r^ 

<:<r> 

^S  °c 

GO 

•*n 

•ft 

t- 

■* 

t~- 

*o  c<i 

CO 

CN 

CO 

CM 

Ol 

CM 

CM 

CM 

£ 

Cl 

65     -^ 

go 

r- 

■* 

Ol 

CC 

CM 

CM 

*Jf 

CM 

■^ 

tN 

CM 

CM 

CN1 

C  '3 

C5 

c    ! 

>    i 

C   _' 

O  i-l 

W 

a  * 

CN 

w   % 

s    " 

rn 

*n 

J 

<a    v, 

P 

W  .§ 

03 

a  t 

o    — 

ft 

a 

a^ 

_. 

Ph 

w  ^ 

"<*< 

cO 

CO 

,55 

>> 

fin 

« 

w 

- 

o 

OS 

iO   -^ 

re 

re 

i— (   r^ 

o 

« 

— 

« 

-^ 

CO     "^ 

co   ce- 

in 

re 

CR 

in 

o 

OS 

re   o 

r-. 

o 

CO 

CO 

■^r 

•*r 

OO 

i-H      CO 

irt 

m 

in 

■*'  ■* 

■"it* 

C" 

Tf 

Tf 

eo    ^ 

■^r 

^ 

<n 

o 

c 

*— 

<— ' 

'■— > 

— 

O    CO 

— 

CO 

^ 

r^ 

in 

*~ 

CO 

x    >-- 

r- 

CO 

CJ 

(M 

CO 

CO 

CM     CM 

co 

c^ 

o 

,_, 

- 

re 

CM     ^H 

m 

CO 

-. 

t-   o 

CO 

CM 

CM 

CM 

CM     CM 

CO 

o 

^ 

CO' 

,_, 

cm   m 

o 

re 

re    -rf 

rM 

r^ 

CM 

-— < 

CM 

I— t    I— ( 

CM 

*-< 

CO 

.- 

f 

CM 

CM 

CM 

CM 

CM    CM 

CM 

CM 

Ol 

n 

- 

.- 

IO 

in 

TTl 

'-- 

m 

CO 

CM 

CM 

CO 

CO     CM 

ca 

CM 

c 

a 

m 

in 

m 

m   in 

m 

m 

CM 

CM 

CM 

CM 

CM     CM 

CM 

CM 

CQ 

m 

,_, 

t-   r^ 

CC 

<- 

o 

o 

o 

o 

o 

" 

c 

(M 

<n 

t- 

if     *vt 

-^ 

>-H 

CO 

^ 

w 

w 

p 

— 

n 

-rf*    CO 

or 

CO 

Ph 

o 

CM 

m 

o 

iO     00 

r~ 

O 

i-l 

<• 

c« 

CO 

CM 

O 

00     CO 

re 

U> 

^ 

-*t< 

—      — 

l<4 

CO 

CO     CO 

in 

o 

— 

<n 

— 

CO 

o  ■* 

~ 

/ 

CO 

CO 

CO 

c_ 

c  «o 

CO 

r^ 

■* 

CM 

CO 

ez- 

CO    CM 

Ti 

CO 

^ 

lH 

CO 

|*M 

x    >-": 

CM 

1"^- 

t— 

CM 

ot 

CM     00 

o 

CM 

m 

CO 

CO 

-* 

iC    i« 

1C- 

iO 

r-i 

m 

-h     CM 

CM 

CO 

CM 

OI 

CM    CM 

CM 

c-i 

O 

,- 

_, 

* 

CC 

t~- 

t- 

OO 

OS 

OS 

t*. 

r-~   oo 

r^ 

r- 

o 

r- 

i.n 

re 

CO     00' 

,_, 

re 

CM 

CM     T*i 

CO 

^ 

CD 

o 

CM 

CM 

CM 

CM 

CM 

CM    CM 

CM 

CM 

0 

OS 

T1 

«*    CO 

■^ 

^ 

r^- 

-f     'X 

m 

:J. 

■^ 

00 

C     CM 

OS 

O 

CM 

CM 

CM 

r-H 

CM    CM 

•^ 

CM 

#i 

CM 

crt 

Ph 

^•^ 

> 

to 

i— 1 

CM 

o 

«      w 

'        ■ 

a 

' 

* 

O      Cfi 

o 

- 

- 

© 

to 

o 

p,  a 

3 

- 

a 

Ph 

Ph 

a 

CO      Tf 

CO 

oo 

,hj 

03 

>» 

Q 

Ph 

w 

CO 

CM 

CM 

CM- 

-1 

CM 

CM 

■* 

O 

CO 

o 

CM 

CO 

^u 

CO 

CM 

cD 

- 

00 

CO 

:' 

CM 

CM 

CN 

CO 

CM 

re   r-   co 


CO    CO    oo 
co   o   r- 

CO     CO     CM 


m  in 

i-i     CO 
CM      y~l 


r-   r--   t^ 

CO    cc    CO 
CO     CO     CO 


re   co   o 


O    CO 


t-   i--   r- 

o    o    o 

CO    CO     o 


CO    O    O  i-\    i-H  i-. 


CO    CO    CO 

o  re  oo 


CM    CO 
CO     IO 


CO    -^    CO 


in  cm 

CM    CM 


CO    CO     CM  t-h 

CM     00     00  CO 

CO    -f    iO  o 


C1)    CM    CM  i-ii—i  i-.    i-t    i-t 


oo  co  *-»        re  co 
co   o  r-         re  r- 

co   co   CO'         m   co 


O    CM 

t-  re 


re   — ■    i-i  r^co  -r   io   cc 

-rcoio  -rfr-  reoo 

c  h  n  mt—  coior^ 

»—    CM"    t-H  i-H    --.'  i-H    r-i    i-i' 


g     c3     c3 


O     M 


©   © 


Q  co 


204 


t- 

iO    uo 

-, 

tO     CM 

t- 

rf    O 

CM 

go  r- 

m  rf 

fO 

tO    CO 

r~ 

rH       TJ* 

CI 

CO    i-i 

CI    CI 

—<    CM 

T-l         1— 1 

1—1 

1—1 

CI    CO 

ro 

CM 

CO    CO 

■-• 

O 

o  o 

c 

o  o 

_ 

o 

o  o 

o 

iO    m 

CD    t— 

cn 

rH    CI 

CM 

CM 

CO    CM 

o 

»-i    © 

■"+! 

_,    ^. 

-H     CN 

CM 

CM    CM 

CM 

CM    CM 

o 

CO     CO 

CI 

T     CM 

CI 

CN 

CM 

CM    CM 

o 

»o 

IO     CO 

-tf* 

-^    rt* 

■* 

TjH 

-H    ^ 

o 

**    CO 

h*    to 

r--   io 

r^ 

CD 

CI 

CM 

CI     CM 

o 

iO 

iO    tO 

m 

tO 

W     »C 

CN 

CM    CN 

CM 

CM 

CM    CM 

IT. 

r- 

^ 

r^   r- 

o 

o  o 

o 

O 

o    © 

o 

CO 

tO     t- 

m 

CM    I- 

© 

t-  © 

CM 

©   en 

o 

rH 

rH 

; 

6a 

1     HO 

• 

CO    *f 

CO 

1  ** 

! 

o 

CO 

CO    ■* 

ci 

,_, 

Tt* 

10 

to   in 

IO 

m 

^  -J1 

o 

© 

HH 

CM 

CD    O 

iH    >o 

iO     CD 

CO 

o    -cf 

CM 

■*   O 

tN 

CI    CM 

CM 

CI 

CO    CO 

OS 

O    CN 

Cf> 

CM 

CO    OS 

o    -~. 

-h 

t- 

CO    m 

CO 

CO 

CO     l~ 

CO 

Tjl       Tt< 

CO 

CO 

CO     CO 

rH 

CM    © 

_ 

CO 

CM     CD 

in 

tO     CD 

CI 

CM    CM 

i-H 

.—     i—i 

O 

CO      Tf 

OS    iO 

*c 

r~   co 

m 

«3 

"^   *o 

o 

r, 

O    CM 

tO 

r , 

O    CO 

CD 

o   © 

Tt< 

if    to 

-H       CO 

iO    CD 

tO     CM 

go  r- 

CM 

-H 

CM     -f 

: J 

.    CO 

!  a 

i    a 

!  Ch 

;  ^ 

'   c 

> 

*■ 

!  .5 

co  *o 

wi 

.' 

J    o 

w)    yi 

- 

s 

0    "i 

<y 

_ 

P. 

—  3 

CD    CI 

1—1       T-l 

s- 

Sx 

p 

fk 

cq 

w 

CO    © 

CM     — ' 

tO    CM 

CO    CM 

rH      rH 

o 

c 

o 

o 

o 

— 

c 

*h 

s 

1-^ 

b- 

CM 

r- 

»o 

tO 

CO 

Tt« 

CD 

CM 

OS 

O 

o 

d 

o 

- 

o 

CO 

CI 

., 

CM 

,.- 

o 

o 

o 

= 

— 

o 

o 

_ 

CD 

CD 

CD 

o 

CM 

CM 

m 

CM 

CM 

CN 

CI 

o 

"H 

IO 

CM 

CO 

-T, 

f 

CM 

CM 

i-l 

CM 

CM 

CM 

o 

r^ 

-# 

OS 

O 

-H 

CM 

CM 

CM 

c* 

CM 

o 

•Tf 

"* 

CM 

C4 

CI 

t^. 

f 

M* 

•<r 

■^ 

M* 

■* 

o 

p* 

>o 

iO 

*f 

^u* 

ro 

CO 

CM 

CN 

CM 

CM 

CI 

o 

io 

IO 

w 

» 

UO 

m 

m 

CM 

CI 

CM 

<N 

CM 

CM 

C4 

-* 

, 

t^- 

r- 

I-- 

r^. 

h- 

O 

o 

o 

o 

o 

o 

CD 

CD 

c 

J, 

o 

^_, 

■^ 

CO 

OS 

CO 

CO 

t^ 

c 

o 

OS 

I*» 

t— 

rt 

CO    CD 

(-- 

CD 

CD 

CO 

r^ 

r- 

"** 

■^ 

"* 

^ 

^p 

O 

»o 

»-o 

to 

as 

CD 

IO 

CJ 

rf    O 

OS 

OS 

CO 

CD 

to 

CI    CN 

1—1 

■^ 

CN 

CI 

CI 

CO 

»o 

CI 

CO 

CI     CO 

CI 

OS 

c» 

CO 

CO     CO 

CO 

CO 

CM 

CO 

CO 

f' 

._, 

r-- 

r-    oc 

-f 

-p 

. 

__ 

cn 

t-^    OS 

-- 

CO 

m 

CD 

■-*'   -r 

■* 

-f 

■*t* 

to 

CD 

t-    CD 

o 

rN 

<TS 

CD 

CI 

CO 

■* 

CO    CO 

— 

_, 

m 

CI     CJ 

C) 

CI 

00    Oi    iO 


CU     c5 


PnOai 


CN 

CI 

'tf 

CM 

CO 

CO 

CO 

t^- 

CO 

■^ 

OS 

- 

OS 

OS 

O 

r: 

o 

CI 

-f 

IO 

s 

CI 

CI 

CO 

CO 

t-- 

T}« 

■^ 

>o 

OS 

c 

OS 

~ 

o 

o 

o 

CI 

CM 

d 

fM 

CO 

(T> 

« 

o 

o 

o 

' 

■ 

r. 

CD 

o 

c 

o 

o 

o 

o 

o 

,_, 

CD 

CO 

CI 

-f 

CI 

CN 

to 

S 

CI 

CI 

o 

r. 

OS 

o 

CD 

OS 

CI 

CO 

CO 

CO 

b* 

CI 

o 

CO 

OS 

r- 

M« 

§5 

CN 

3 

CI 

CI 

§s 

CI 

d 

CM 

CO 

o 

OS 

to 

to 

CO 

ro 

OS 

CD 

OS 

OS 

as 

OS 

-* 

iO 

•* 

■^ 

-f 

-V 

o 

-f 

, 

CI 

m 

y_( 

CO 

to 

CN 

CO 

CI 

CO 

CI 

CN 

cl   ?5 

o 

tO 

to 

iO 

» 

IO 

to 

IO 

CI 

CI 

CI 

CI 

CI 

CI 

CI 

CD 

CD 

CD 

r- 

h- 

h- 

o 

O 

o 

o 

■_■ 

o 

o 

o 

CI 

CO 

CM 

en 

CI 

to 

CD 

CD 

-i 

CO 

OS 

O 

CO 

CO 

CO 

o 

,_l 

rH 

CO     -** 

in 

IO 

IO 

iO   to 

OS    OS 

CO 

CO 

CO 

CO     CO 

Tj-       -q- 

■* 

■<* 

•^   -^J- 

o 

o  o 

© 

■* 

iO    © 

CM 

tO    <M 

O     r-t 

OS 

CO 

CO 

©     IO 

CN     CI 

TM 

rH 

CN 

CI    CI 

CO     t^» 

„ 

CO 

„ 

Os,os 

O    m 

os    CI 

© 

!>•    CO 

CI     CO 

CM 

CO 

CI 

CI    CI 

CD    CO 

iQ 

"^ 

-&     iO 

O    CO 

-■'. 

CO 

CO 

CO     CO 

© 

CO    © 

rf* 

© 

m   © 

CI    CO 

iO 

■f   -cr" 

■Tf* 

■^f 

-f        Tj- 

o 

T->       -H 

^ 

© 

CO     CI 

CM 

rH       CI 

CO    CO 

I- 

„ 

-#     IO 

CO     CO 
©    CM 

CI 

to   © 

© 

o 

©  o 

CM    .. 


CO 

CO    © 

CD 

CO    CO 

© 

iO    iO 

to 

CO     © 

© 

©  © 

OS 

©  © 

CO 

CO    © 

^ 

r-  co 

CO     t^- 

© 

CO    CO 

CD 

©  © 

© 

©  © 

© 

©  © 

CM 

CM    CI 

CI 

CM    CO 

o 

©   © 

©  o 

©  © 

= 

©  © 

© 

to 

rH      -H 

I-  © 

on 

t~-    CO 

© 

-rr. 

CO    CN 

M"  © 

CO 

o    © 

r*- 

CO     © 

rH     CM 

© 

,_, 

CI     CO 

CI    © 

.SI 

Tt* 

CI     "*i 

CI     rH 

CN 

CM    CI 

© 

■* 

CO    CO 

rH 

rH     f- 

iO 

iO    iO 

■.: 

m    iO 

© 

CI    © 

©     IO 

°7 

CI 

CO     CI 
CI    CN 

S3 

CI     CO 
CI    CI 

© 

to 

to   iO 

»o 

tO    tO 

CI 

CI    CI 

CM 

CI    CI 

CD 

CI    © 

to 

in  i> 

CO 

rH       © 

© 

©  © 

o 

©      © 

o 

© 

©     CO 

CI 

_      ^ 

© 

©  © 

■ 

"H      © 

o 

t-   r- 

~ 

©      CO 

-P            1 

H       CD 

r- 

CO     CO 

o 

CO          1 

o 

m   to 

no 

CO    CO 

to 

tO     CI 

-#     -rj< 

■*f 

^   Tji 

© 

■^ 

CI 

©    CM 

r-  © 

CO 

l>-    iO 

CM 

rH     rH 

w 

rH     CM 

CO 

©    CI 

(SO 

co   r- 

CO 

-rjl     rH 

co  in 

CO 

©     CO 

©  to 

CI 

CO    CO 

CI 

CO    CM 

r-    -h 

rH      CD' 

iO 

cd    b- 

CO 

■*     CN 

© 

H- 

©    CN 

CI 

tO     CO 

-^       TP 

-tf 

•tf     CO 

o 

© 

IO     rH 

1^-    CO 

iO 

CO     © 

CI 

CI     CO 

>-H 

CM    © 

1-1 

rH     rH 

^ 

rH     rH 

t^ 

CI    1^ 

r-    CO 

iO     © 

CI 

iO    tO 

© 

rH     CM 

o 

rH     © 

1—1 

rH       rH 

""■* 

rH 

,! 

-H 

Ph 

:  | 

H 

1    0, 

o 

^   *o    % 

« 

w 

-*h  +j    a> 

o 

«    «    o 

- 

a.  3 

o 

N     2 

a 

f^rH     > 

£ 

>, 

- 

CO 

K 

205 


to   os   r— 

•^     ^-W     3     L* 

pq  3  M  w^* 

t—     •*     CN 

S^  OS    OS    cs           OS    OS 

OS    OS    00 

"3 

Q 

o 

H 

■a  b«  a  u 

a5coo 

r-^3  03  2.0 

to  a  h 

!s   N    ©    N           O   CO 
^  i-H    ^    O          co   to 
O    CS    OS    ©            OS    OS 

as  co  co 
OS   o  o 

q 

"oS  t 

<*9   CM    C*    O.            CM    CM 

W    N    CN 

fe  o  o  o         ©  © 

o  o  o 

22  >> 

Ss--s 

^g  ©  o  o         o  o 
o  d 

o  o  o 

G| 

i~  3.  P..2 

i-t    «    (N 

.-O     C)     — i 
cN    M    CS 

■sags? 

©   © 

u 

"3   ^H    «0    ©            ^    »0 

.3  3  >. 

^  to   »C    fO          iO   «o 

OS    00    OO 

o  <V£ 

o  o 

co  " 

C| 

.  d  „ 

«   H    iO    W            --IN 

S  o;  o 

,©    CM    N    CM            MM 

CN    tN    N 

3  °  ° 

o  © 

a 

«o  t*-    t-    00           M    « 

gcjS 

o 
p. 

a   io    io    iO           iQ    ic 

©  d     » 

0 

US    lO     lO 

>> 

T) 

x:  o  > 

«D  w   to   to          O   N 

OS     IG>     CO 

a 

^   «    P)     N             N    « 

c<  «  c» 

03 

£1 

D, 

4    IQ     >C     >C              IQ    IQ 

«5    «5    ifl 

O 
© 

>> 

§03° 

o  cm   ci  cm         ci  ci 

CI    CN    N 

£1 

© 

*S   CM    OS    ©            >C    "* 

r-   t--   r- 

■d 

,2  o  o  o         o  o 

o  o  o 
<z>  o  o 

o 

©  d 

03 

is  © 

?9   W5    -<*«    CS            OS    CO 

*    »C    tN 

*    X    o 

8   00    N    00            O.O 

CO  N   N 

«  o 

o  d                    i-5  ih 

s 

SQ 

q 

.'  t2  S  •- 

•   o   ■* 

O 

fe  d  o  o 

a     i  w  m           ■  cm 
©Id* 

i    co    »o 

d 

o 

a  d  mo  o3 

a 

o 
O 

o 
a 

03 

*3  r-   t-   r~          t  io 

a  m*    tf   ^?"          ^f   Tp 

©  d 

C*     CN     CM 

?S   O    O    O            —I    CO 

O    CO     00 

35  ° 

CM    O    tO 

e  n  to  r-         i--  co 

w  Tf  « 

Ph 

(=1 

O    O    CM 

fo  N   *  m         r~   cm 

03 

«to   »   o         to  00 

CO    00    OS 

Eh 

o  cn  ci  to        ci  ci 

CM    CI    CM 

(=1 

q  o.-3-d-S 

figaaa 

03,0  03  ° 

*a  .— i    *o    b-           O    r* 

CM    WO    iO 

^    O    iO    ifl            CO    CO 

©  d 

CO     CO     CO 

q 

«   CO    05    "5             O    OO 

tH    CM    CO 

5 

OJ 

8   M    f    V            CO    ■** 

03 

Pi 

E-i 

cs. 

■u 

=?  r-    to   os          c*    -^ 

"0    ^J<    to 

CM    ©    CO 
h    CN    N 

a 

=1 

go 

as 

t    0O     N    N              OO     tO 

^   OS    O    «-•            OS    O 

OS      ©      .-M 

fio 

C; 

I  !  #i      ;  ; 

.    *0                ii 

;;c       ;    i 

,       i    03             ,       i 

1    |  fc       :    ! 

;     ;  ^          ;     [ 

....   a         .     i 

s 

>    ^    ^     O     to     tn     co 

•  ' 

H   tu   tp   cp 

«  i  g  |  a  a  a 

s   a  Ci  o. 

2  o  to  o 
■o  M  w  v 

Ci           £  tx 

w 

C<    !>•    OS    Tj< 

OS    00    00    OS 


to   ©   ©   © 


OS    0O    00    OS 


CI    CM    CJ    CI 


00    OS    i-t    i-* 
to   "0   to  i— I 

r-t     1-1     1-4     CS 


«  M  CN  N 
W0  »tO  iC  »C 
CN    CN    W    tN 


uz    *C    *G    vO 


to  tO  CO  CO 
CM  CM  C5  CI 
CI    CM    CI    CI 


U0  uo  uo  iO 

ci  ci  ci  CM 

O  O  rj*  N 

CO  CO  i-h  © 

©  O  ©  O 


os  r-  o  oo 


©  o  r-  oo 

■«*<   cm   r-   to 


©  ic  ©  .-< 

r-  oo  N  w 

«o  «  ■f  ■* 

ci  ci  ci  ci 


H     CO     CO    « 

00    iO    to   to 
CO    CO    CO    CO 


©  ©  ©  © 


ir> 

(N 

OS 

/ 

OS 

OS 

© 

*0 

c  « 

Ph  03  oj  « 

n  K  o.  £ 

d  ■■  <d  tt 

*  «  H  0 

S  >  «  ii 

"  O  £  = 

■o  «  D.  3 

&H  M  CQ  W 


206 


o 

o  ^ 

O    "**    i-i 

dSu 

t--    00 

CO 

OO    CO     00 

r-  co 

OS 

OS    Is- 

O    CO    Oi 

sag 

2  t^  oo 

o 

*o 

t- 

t» 

CO    O 

ii)    m    ^ 

""I  o  w 

5 

be  , 

q  ca 

o 

„ 

o  **   *-< 

Is-    00 

Tj"       CN 

oo   >o  ■* 

«  r-   »o 

Is- 

CD 

iC    CO 

O    O    <N 

ce+j.a 

&q  o3 

a  t^  o 

oo 

00 

t-    Is- 

iC    CD    CO 

£  |a 

m^ 

CN    CN 

CD 

o> 

CN    CM 

00    00    iO 

iO    Oi 

r- 

CO    -^    CO 

6,     TJ*     Oi 

•O 

o 

IC     CN 

CD    »C    CN 

CO    CD 

»C    iC    WD 

e 

q 

■^      T* 

Oi    Oi 

Oi    Oi    Oi 

3 

^    CN     CN 

CO 

CO 

J2 

eN  m 

CN 

CM 

CM    CN 

<M    CN    CN 

> 

3 

w 

o  o 

O 

o 

o  o 

O    O    O 

o  o 

o 

c 

O     O 

o  o  o 

w 

as  O    O 

o 

o 

o  o 

o  o  o 

a  oo  oo 

OO    00 

o 

3 

iC    iC 

io  m 

r-   Is- 

Is- 

Is-    r- 

r-*.   t-   r- 

o,   CO    CO 

CO 

CO 

CO     CO 

CO    CO     CO 

OS 

a  ai  oi 

os 

Oi 

Oi    Oi 

oi    oi    oi 

-i    (N     w 

'3 

CN 

CN 

CN    CN 

CN     CN     CM 

CO     CO 

a 

cf> 

"H-       ^       ^1 

Oi    CO 

•** 

Is-     GO 

N    CO    N 

sj  r-  w 

CO 

to    CO 

Is-    CD     CO 

fe  ©  © 

OS 

os 

CD*    CO 

iC     IC*     iC 

£»     *»t      T* 

CO     CO 

CO    CO    CO 

O 

o 

X) 

■ 

00    •* 

CD 

m 

n  w  o 

t- 

fN 

£1 

or,   ©    -cp 

tH 

Oi    ic 

IC      "HH      Oi 

3 

■5-S-9 

a  <n   ©' 

O 

O0     GO 

O    Oi    00 

sag 

t~- 

t- 

CO     CO 

r-   ca;   co 

o 

1=) 

o 

a>.-» . 

HgS 

«"c3 

■d 

Oo 

qt^ 

00   ■* 

CD 

oo   ■>#   •* 

t/  ^  t- 

t-   o 

CO 

Is- 

IC      -H      »C 

oo   tD    CO 

CD 

CO     "^* 

iC    CN    CN 

S3 

-2  Is-   t- 

t~- 

Is- 

a. 

In 

a  £  £ 

C* 

O 

T3 

o  o 

CD 

'X) 

CD    ■**< 

O  __ 

«  N    CD 

Oi 

M* 

Oi    CD 

CN    CO    CD 

fig 

"5  *"H 

*"*i 

£pc3 

§ 

CD   w 

^ 

h3 

X)  OD 

o  o 

© 

O 

O    iC 

O    O    O 

.39 

Tj-      00 

»C 

_ 

iO    t*» 

f    CO    CO 

e 

1 

S  g 

to  a. 

3 

q     ;    ■ 

>   : : 

O    J 

O    •—    CN 

CN 

CU      CO      CO 

O      Jfi      CO      « 

co     CJ 

— »      ©      Q>      <U 

a>  —  J2 

a  o.  a 

3    fe    !=;    fe 

c*   c-  d.  D. 

a  0-  ^ 

Ph 

1  «  « 

^    ^    -D    CO 

Ph 

5 

o 

CO 

>> 

CN    CD    i— 
*    CO     CN 

CO    CN    CO 


Oi    Oi    © 


CN     H    CO 
CO    CO    N 


CN     CO     *— 
Tji     OI     ■»* 

©    i-i    O 


iC    ic    iC  w    Oi    Is- 


r-   Is-   Is- 


CO 

© 

CO 

00 

■-■ 

■TO 

0Q 

CN 

O 

iC 

■  ■". 
O 

>-> 
CO 

IC 
CO 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

©  ©  © 

CO     CO     CO 


r-   Is-    Is- 


r-    t--    Is- 


©  ©  m 
CD  .--  CN 
Oi    iC    CO 


CO     Is- 

a>  cn 

CD    © 


CO     CO     CO 


CO 
CN 

OS 

OS 

Oi 

CO 

00 

1  - 

CO 

CO 
CN 

iC 

oo 

CO 

«3 

X 

O 

Oi 
CO 

OO 

© 

OS 

© 

00 

CD 

CO 

© 

00 

© 

00 

© 

cn   Is-   oo         r-   ©   ic 

Oi    00    O0  i-i    f-H    co 


©  ©  o 

©    ©    © 

©    IC 

CN    ©    f- 

CN    00    © 

©  t- 

©  ©  © 

•C    ©    00 

•c  r-  o 

©     CO 

>  -  n    o   a 


p 

7^ 

a 

3 

oi 

O. 

s 

p, 

o. 

S  "3 

- 

Pn 

O. 

CO 

M 

eo 

"  •a 

w 

*-h      ©      CD 


OO    CO 

r-   i-i   t»i 

i-H      OS 

i-i   ©   © 

CO    CN 

t-H     ©     00 

tN        I-M     ..-H 


CN 

CN 

■«*< 
CO 

00 

CN 

o 

Is- 

CO- 
CN 

co 

CN 

CN 

,-H 

© 

OS 

00 

CO 

00 

CO    CO    CO 

CO        Is-       Tj< 

Is-    CN    CO 


r-  r-  r- 


00     00  r-t     H      i-H 


CN     CS     fl 


CN    CN    CN 
CN*    CN*    CN* 


© 
© 

©  © 

gg 

© 
- 

© 

o 

CD 

© 

© 
c 
o 

o 
o 
© 

© 
© 
© 

CO 

00    00 

00 

00 

00 

00 

CO 

00 

t- 
So 

r  - 

t 

oo 

00 

I- 

00 

Is- 

O0 

00 
CN 

00 
<N 

00 
CN 

<N 

00 
CN 

s 

CO 
CN 

00 

CO  CO 
OS  CO 
Is-    CO 


00  Is- 

I-  .-H 

©  © 

CO*  ©' 


r-  r-  © 


t-    iC    -* 


CN    © 

CN     00 

•*     CO 


■*    CO     N 


©  ©  © 

©    t- 

©    ©    © 

CN    ©    OS 

Oi    t- 

CN     ©     OO 

Ph 

- 

.5 
- 

Q.     &     a 
n   ©     CN 

*      r~       — 


207 


"I-- 

io 

m 

rP 

CO    O 

co    as 

-r 

CO     CO 

?o 

r  «  o 

E<n 

,_, 

03 

CO    CO 

es  — 

~ 

"* 

sg§ 

©, 

CD 

33 JJ 

b£  , 

ra 

ff 

CO    OS 

CD    GO 

r- 

6^    CN 

O 

O 

o  o 

iO    io 

03  ^.C 

a  cm 

CM 

o  o 

on   go 

dec 
ago 

a 

©  O   OT 

pq-O 

ec    t— 

CM     rt* 

GO    CM 

ic    r^ 

H 

so   t- 

CM 

CO 

<0     iO 

CD     iC 

a  go 

on 

© 

IQ     uo 

■*     ■"* 

O 

*"" 

Eh 

c 

■* 

■^ 

CM     CM 

,_,     ,_, 

CD 

C 

i2 

c*  O 

«    CM 

o 
cm 

OS 

CM    CM 

CM     CM 

> 

w 

o 

o 

o 

o  o 

o  o 

o 

_ 

©  o 

o  o 

ec   O 

— ■ 

o  o 

e 

a 

f=l 

r- 

h- 

r^   r— 

r-   r- 

oo 

CO 

CO     CO 

CO     CO 

flO   t- 

t- 

03 

Of) 

on 

CO    CO 

go  on 

in 

t-    CO 

T*    CD 

<n 

qo   © 

ia 

CD 

r-   co 

r-  co 

a  Os" 

OS 

o 

CO     CO 

iO    w 

CO    CO 

o 

o 

-d 

tag  u 

HMO 

© 

<m 

r^ 

O    CO 

CD    CD 

c 

no 

on 

CO    o 

»C 

e,  ^ 

•— i 

CM 

*a   ^ 

H     O 

5 

"2  33 

3  03  — 

*o   »o 

£j  *- 

CU 

CO 

CO    CD 

CO    CO 

•o 

■gag 

ss, 

^ 

o 

C3 

X) 

C  M  o 

cm 

r~- 

CD    iO 

© 

CO     CO 

^s 

73  C  03 

to 

CO     CD 

CD'     CD 

2 

V 

O 

O 

3  c3- 

c  E  8 

o 

MO™ 

13 

O 

— 

iO 

O    CD 

O 

■s.    N 

CM    C5 

CI    o 

^    "" 

1—1 

i-H    rH 

c 

©  « 

< 

J 

'O  co 

© 

o 

o 

o  o 

O    CD 

.§  3 

O 

O    CM 

O    CM 

3.DJ 

« 

•a" 

£ 

a,  g 

oq  a 

2 

CO 

§  S   S3 

>     CM 

CO 

o 

*C     "g 

.2    o    <a 

"    r* 

- 

3  a  c 

|     ©     CM 

3    " 

- 

q, 

|    t     iO 

>> 

£ 

Ph 

a: 

w 

h-  CO 

>o  o 

CO  CO 

CO  CM 


CD  OS  rt  !D    H 

O  CO  CO  OS    -r 

CM  o  a  n  «; 

©  ©  co  on  on 


r-  cm         -h 


CN 

CM 

CO 

CO 

s 

r- 

N 

CM 

CO 

OS 

GO 

IC 

*o 

-* 

<# 

-?f 

t-        f-  t- 


CD     O     O 


0C    GO    CO 


r-- 

r- 

w 

r-- 

CM 

CN 

CM 

CN 

iO 

iO 

<n 

IO 

lO 

iO 

CO 

CO 

CO 

on 

CO 

co 

on 

M< 

<N 

""of 

r*- 

t-. 

t^ 

CO  - 

t- 

© 

r~ 

t^ 

© 

io    iq    ur; 


CN 

-c* 

w 

on 

GO 

CO 

t-» 

iO 

CO 

CO 

00 

•^ 

CO 

CN 

©   ©   © 


©  © 

©    © 

O    I>-    o 

CN    OS 

,-H     OS 

CM    GO    GO 

03    -^ 

S   3 


g.  S   £ 
£  5  m 


.- 

»o 

^ 

r- 

r- 

rH 

I>- 

lO 

CO 

CO 

© 

o 

CO 

CO 

© 

© 

00 

OS 

OS 

IO    CO  — <     © 

CO     CD  t^     © 

CN     ©  t-H     rH 


uO  ©  t^. 

M  00  ■* 

CM  i-H  »-H 

r-  r-  t- 


00 

CM 

i-O 

IO 

© 

CD 

© 

© 

OS 

GO 

00 

© 

© 

© 

© 

© 

on  co  co 


GO     CO 


^ 

© 

"CK 

in 

© 

t^» 

r* 

© 

I> 

t- 

CO 

t~ 

© 

©    CO 

©     ©     © 

i-H     CM 

»c   r-- 

CO     i— i     © 

©     © 

CD     © 

CO    ©    © 

©    CO    -# 

©  r-   tji 

co    co    ^J* 


o   © 

©   eo 

o    ©    © 

CM     © 

CM     © 

CM    ©    ©- 

_.    m    zj 


C  Ph  ta 


1  O     •'    O    tM    -rr 

.-<   ,q   cm   c^   c» 

M 


208 


lO     t— 

C-l    o 

00   to 

■^ 

O    CM 

00 

o 

o 

CO 
CO 

i-H 

o 

CO 

o 

CO 

o 

CN 

"•** 

« 

CO 

o 

C 

cs 

»c   >c   Tf 


~H         M4 


C:    OS    O 


o   o   o 
coo 


CO     CO     CO 


<N   r-   r- 
r-  cd  r- 


co  co   Os 

i—i  r>-   co 

O  O     C3 


h     OO     CC 
O     OS     iC 

CD    CO    OS 


«o  o  o 
«   ci   W 


m   c   f 


©  *J>  ^  ^ 


—   -_ 
p  .— 


O    fL,    f_,     £    »    £• 


oc 
CO 

CO     OS 
O    CO 

CO    <M 

i-O    CO 

OS 

- 

:■'. 

CO 

CO     CO 

o  o 

00 

OO 

00 

OO    OS    00 


oo  — «         in   •*&   -i* 

iC    00  tJ"     OS     CO 

•O    CO  OS    00    o 


00    00    OS 


lO      Tf  -^      f 


os 

CT> 

CO 

co 

CO 

iO 

to 

iC 

OO 

r- 

o 

OS 

OS 

OS 

OS 

o  o  o 

GO    00    CO 


o   o   o 

CO    CO    CO 


CO     CO     CO 


o 

OS 

CO 
OS 

00 

■^ 
« 
t^ 

OS 

ts 

00 
cO 

CO 

OS 
CO 

OS 

CO 

o 

to 

CO 

CO 

CO 

CO 

lO 

CO 

io 

CO 

iC    C     CO 
iO    00    OS 

I-     CO     t~- 

CO 
iO 

r— 

O     CO 

f-H        00 

i-*     OS 

t    ■*   f 
CO    CO    CO 

CO 

CO      . 

lO 

CO 

CO    CO 

iO    O    CO 

iC     -*    GO 

I-       ©       T-. 


r-    O    CN 

co   r--   os 

H     f     ^ 


io   m  io 


o  o  o 
oi  os  os 


o  o  co 
oi   o   os 


coo 
o   to   o 

CO    CO    Tf 


M      !fl      «1      ,,  (fl      II 

"O      O      G     ,2  O      O      Ci 

a  o.  5.  3  p,  ft  cl 

fc.    CN    ^f     ^  O    CO    O 

-r  i-i  --<  —  co  co  ■* 


os  r^  oo  co 

i-t  CO  T  -— ( 

N  V  «S  r- 

"^  CO  O  OS 


OS    N    CO    M 
i— i    CO    T    «— ' 


•^    CO    O    OS 


OS 
00 

i  - 
o 

:-■- 

CM 

o 

00 

CO 

£ 

t^ 

OS      Tt*      .-I       .-< 

CO    OS    OS    CM 
I—    t—    00    OS 


o  o   o  o 
o  o  o  o 


CO    CO    OO    00 


CO    CO    CO    CO 


CO    O    O    OS 

CO     CO     -rf     CO 


co    co    CO    CO 


O  -f  o  o 
CO  O  O  OS 
CO    to     ■*    CO 


O    O    O    O 
CM*    CM    CM    CM 


o  o  o  o 
o   o  o  o 


9     JZ      5-       >> 

£  Q  n  M 


209 


?» 


K  a  a 

^    CO     00 

as   as 

M< 

03 

©  as 

O0    CO 

00 

00    00 

«    "~*    ^ 

I-H      ^H 

-- ' 

■— '    — ' 

o 

^ 

CJ 

iS       4) 

,2    (N     (N 

Tj*      <■* 

rP      Tf« 

«  0  =    i    tn 

Tj«       Tf 

■* 

e 

to 
Q. 
>s 

£  o—  x  a 

©       © 

CM 

CM     CM 

.2  c  S  <°  8 

q° 

Press 
cloth 
and 
mend- 
ing 

-2    ■     ■ 

© 
© 

© 

©     © 
©     © 
©     © 

>> 

©    ■     ■ 

<3   :    ; 

o 

p©  © 

-2    CO     CO 

©       © 

OO    00 

cj 

zj  d 

■*   rf 

SB 

W3 

3° 

ollars 

0.626 

.625 

IO     IO 

©      © 

3C 

CM     CM 

CM 

CM     CM 

0 

,_ 

P.  r-  t-- 

b  io   io 
«2  »o  io 

r-   t-- 

^ 

iO    o 

iO     W2 

o 

*0    iO 

io   »o 

iO 

to   *o 

c-" 

o  o   ic 

»C    iO 

*«  »o 

uO 

iO     iC 

is* 

a  e  3 

?J    N     O 

CM    CM 

CM 

b    CO    CO 
.*=    CM     CM 

CO     CO 

"w 

CM     CM 

CM    CM 

CM 

CM     CM 

3 

£«03 

o 

0 

o 

a* 

b  w  in 

CM     CM 

CM    CM 

rj 

isa 

e 

CM     CM 

CM    CM 

CO 

CM     CM 

>> 

o 

q° 

-Q 

V 

b  ^f  ""* 

TT     -^ 

•"#    M* 

■^     •"*« 

CO 

tJ-     -tjh 

^    CO     CO 

o  cm*   cm" 

CO    CO 
CM    CM 

CO    CO 
CM    CM 

CO 
CM 

CO    CO 
CM    CM 

O 

ft: 

q 

11 

£   O    © 

boo 
-H  ">   t- 

O    © 

©    © 

o 

©    © 

CO    © 

©  «e 

-^> 

r-  r- 

t-  t-- 

t--    t- 

O    CM     CM 

CM    CM 

a 

q 

at 

^  uj  «: 

O 

-*   ■* 

O 

»c   »o 

*o  *o 

»o 

lO     «3 

^ 

©  to    to 

o   © 

© 

15** 

*J*     -rf 

■^ 

•^     ■* 

.~  fc£         i 

ollars 
0.050 
.050 

©  © 

Lubr 
catin 

and 
clean 

ing 

»o   io 

*o    lO 

fi 

o   © 

o 

©    O 

3 

0 

o 

8.20.0 

?=    <N    C^ 

o 

•3 

e»2 

CM     CM 

CM    CM 

CM 

CM     CM 

co  g'"i3 

©  o 
q 

o 

Dollars 
1.350 
1.350 

©     © 

©  o 

Qj   OS 

io   >o 

CO     CO 

a 

C*    CO 

CO    CO 

CO 

o 

o 

a 

Linter 
room 
ex- 
pense 

^    CM     CM 

►> 

CM     CM 

CM    CM 

CM 

CM     CM 

■a 

S° 

■2mmx>m 
o  «.S  o.2 

?o    O    © 
-2    CO     CO 

©     © 

©  to 

© 

a> 

iCi     iO 

O     iC 

tfS 

CO    CO 

CO 

CO    CO 

cp 

t3 

q 

CO  3 

»  o  o 

©  © 

ogo 

©  o 

©  © 

•^      Tf 

^r   ^j* 

ff 

Tj>       -^ 

XI 

q 

73XJS 

P    CM     CM 
b    t~-     t^- 

-S  ©  os 

CM    CM 

8    •  0 

©  as 

©   as 

02        0£ 

©   CO    CO 

CO    CO 

CO    CO 

— 

Cj  ^  ■* 

ti*   rr 

<* 

■r*    ■*■ 

C 

a 

«  ©  © 

s2  ° 

©     00 

©  -V 

©   -* 
©   © 

© 

CM 

©    © 
00    © 

tl 

§ 

■a 

0)' 

a} 

2c$2 

S.    3 

3  «  2 

©     © 

©  © 

S 

ex 

»o   © 

»o  r- 

■*f 

©    O0 

s 

c     ;     ■ 

O     —     CM 

fs^e; 

w    *' 

• 

W     *J     +s 

111 

w    fl    C 

a  a 

3      fe 

a  a 

a^  ^ 

S  ^  fe 

|    CM    CO 
s- 

CO 

£     "* 

©    00 

.b 

>> 

Pm 

Q 

M 

CM     CM     CM 


CM    CM 


00     00    CM 


©     ©     © 
CM    CM    CM 


f    f    I1 


O     "O     iQ 


to   ©  to 

CM     CM     CM 

CM     CM     CM 


tO  CO 
CM  CM 
CM    CM 


© 

CO    CO    CO 

CO    CO    CO 

CO    CO 

CM     CM     CM 

CM    CM    CM 

CO    CO 

© 

©  © 

©  © 


CM 

CM 

CM 

CM 

CM 

Cm 

CM 

CM 

■*r 

if 

— 

— 

— 

^1 

iO 

•  -; 

*o 

•O 

U3 

u- 

lO 

*o 

© 

© 

~ 

^B< 

^ 

^* 

■^ 

O    O    O 

io   »o   *n 
o  ©  © 


o  ©  © 

>0    W     lO 
©    O    O 


CM    CM 

CM 

CM 

CM 

CM     CM 

CM 

CM 

CM 

CM 

CM    CM 

© 

©    © 

© 

© 

O 

O 

©    © 

•O    iO 

1Q 

*o 

iT 

*o 

CO    CO 

CO 

CO 

CO 

CO 

CO    CO 

©  © 

OS 

CM     CM 

CM 

CM 

C4 

CM    CM 

© 

to   ©   © 

iO     IO     iO 
CO    CO    CO 


©  © 

iO     iO 

CO    CO 


o  © 

©  © 


CM    CM    CM 
r^.    r-   i^. 


r~   r-    r>-  t^. 


CM     CM 

©  © 


CO     CO     CO 

CO 

CO     CO 

CO    CO 

©  ©  >o 
cm   to   r- 

o 

CM 

©    © 
CO    © 

©  »o 
©  t^ 

I   Ah   (H 

s 


to    & 

op  ^  35  55 

a*  Q,  P.  ca  P-  c, 

K  cm  co  -*  ±<  ©  oo 


Q,  « 


CM     CM     CM 


IT) 

in 

»o 

CM 

© 

00 

CM 

CM 

CM 

CM 

o 

CM 

CM 

CM 

CM 

CM 

Cm 

CM 

CM 

IO 

*o 

iO 

»o 

iO 

'* 

■  - 

CM 

CM 

CM 

CM 

CM 

IO    iO    iO 


iO    iO    iO 


©  ©  © 

o  o 

o  ©  o 

CM     CM     CM 

CM    CM 

CM    CM    CM 

CM    CM    CM 


CM     CM    CM 


r--   r~   r~ 


CM 

CM 

CM 

m 

CM 

CM 

CM 

CM 

— I 

•^J* 

^r 

■* 

^f 

■tt* 

O 

kO 

IO 

IO 

to 

iO 

ao 

o 

© 

CO 

© 

to 

CO 

© 

to 

© 

■* 

mT< 

^ 

©  o  o 

\0    iO    «o 

©  ©  © 


©  © 

»o    iO 

©  © 


iO     "O     »0 


CM 

CM 

CM 

CM     CM 

CM 

CM 

fjj 

^ 

CM    CM 

o 

o 

o 

o 

O 

o  o 

o    »o 

»o 

>a 

iO 

to   *o 

CO    CO 

CO 

CO 

CO 

© 

~ 

CM    CM 

CM 

CM 

CM 

CM 

CM    CM 

© 

©   ©   © 


©  ©  © 
o  ©  o 
^  -^  M* 


CM    CM     CM 

i^  r-  t~- 


CM    M 

©   © 

CO*    CO 


CM    CM    CM 

r^   t-   t- 


o  o  © 
cm'   to*   OS 


to   t- 
cs  r-- 


O    ©    ©  ■ 
CM*    OS    CO* 


o-SE  O 


%  %   2 


a  a  a 

^O    IN 

00    —     rH 


210 


1   S 


o  o  o 

OO    CO    CM 


o  o 

*0    iO 
CM    CM 


©  o 

iO    iO 
CM    CM 


o 

CO 

n 

rr 

ro 

CO 

tO 

»o 

«5 

iO 

iO 

»c 

iO 

CM 

OS 

CM 

OS 

CM 

OS 

CM 
OS 

CM 

OS 

OS 

CM 

OS 

O 

o 

0O 

8 

o 

00 

o 

DC 

o 

CO 

o 

CO 

o 

00 

o 

os 

OS 

OS 

-f 
OS 

- 

OS 

»>- 

OS 

OS 
OS 

OS 

i- 

o> 

OS 
OS 

o 

00 

1^. 

O 
00 

1- 

o 

00 

o 

CO 

o 

GO 
1- 

o 

OO 

o 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

«3 

«3 

s 

»o 

to 

»o 

ua 

CD 

CO 

to 

co 

CD 

CO 

CO 

o  o  o 

©   o   © 


©  © 
©  © 


CM 

rM 

CM 

fN 

CM 

cm 

CM 

CM 

CM 

CM 

© 

© 

© 

O 

© 

O 

CO 

CO 

CO 

CO 

CO 

CO 

OS 

35 

cs 

OS 

CM 

CN 

CM 

© 

CO    cO    cO 
iO     tf5     iO 


CO     CO 
CO    CO 


CM     CM     CM 

r-  t*-  r- 


OS 

OS 

OS 

OS 

OS 

OS 

OS 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

© 

© 

to 

© 

CO 

© 

© 

CM 

CO 

t^ 

CM 

OS 

CM 

© 

o  ©  © 
©  O  CO 
i-*     CM     i-H 


**     w     o> 


«    K     fe     3     O, 

a  a  g  3 

"   «J  ^  « 


3  S 


©    ©    © 


IO 

o 

r~. 

"? 

iO 

tO 

/ 

CM 

CM 

CM 

CM 

CN 

© 

■* 

-* 

Tf* 

*# 

"■* 

■«* 

■■# 

OS 

OS 

OS 

OS 

OS 

OS 

"* 

■^ 

"*< 

Tj* 

"* 

-^ 

Tf 

r- 

, . 

r- 

r» 

t- 

r^ 

1^ 

lO 

tc 

*o 

«■- 

»o 

IO 

© 

!•* 

t~- 

■^ 

■* 

-n 

Tt* 

*■* 

-** 

■* 

© 

O 

© 

© 

- 

© 

CO 

CO 

00 

CO 

g 

CO 

s 

s 

© 

OS 

=■ 

© 

s 

5. 

© 

© 

OS 

OS 

OS 

OS 

OS 

OS 

OS 

CM 

CM 

Cm 

CM 

CM 

Cm 

CM 

•«# 

-* 

— 

■^ 

3 

to 

»o 

IO 

»o 

iO 

<  .;■ 

§ 

«* 

■* 

T< 

■* 

■* 

rj- 

© 

o 

© 

© 

S 

to 

IO 

to 

to 

© 

© 

© 

o 

© 

C 

© 

© 

CM 

-, 

CM 

CM 

CM 

CM 

CM 

CM 

© 

© 

© 

O 

© 

O 

© 

iO 

»o 

»o 

»o 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

OS 
CM 

8 

88 

OS 

CM 

CM 

os 

CM 

© 

CO 

CO 

CO 

CO 

cp 

CD 

CO 

to 

iO 

»o 

to 

iO 

»o 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

w 

© 

© 

o 

o 

© 

■^ 

TfH 

^ 

"* 

^ 

© 

CM 

CM 

CM 

CM 

CM 

CM 

OS 

OS 

OS 

OS 

OS 

ov 

OS 

CO 

TT> 

■*r 

TP 

■^ 

M* 

TT 

"* 

C    CO 
CM    OS 


r-i    OS  .-t 


©    t-    © 
CM*    00    00 


S©    © 
CM     tT 
H    N    CS 


«        a  a  * 


3  a  a  a 


Ph  Q 


OS      CO 
IO     r-t 

CO     GO 

CO    00    00 

CM    CM 

O 

CO     CO 
OS    OS 

-*p      -rf     •*■ 
CM     CM     CM 

»o 

,.- 

r^- 

iO 

IO 

U") 

to 

/      C£ 

CM 

CM 

CM 

CM 

CM 

© 

00 

CO 

CO 

CO 

CO 

00 

00 

"# 

Tf 

^ 

■*f 

Tj< 

Tf 

■* 

t- 

h- 

h- 

b- 

,, 

h~. 

t^ 

co 

co 

co 

M 

CO 

CO 

CO 

© 

OS 

OS 

OS 

OS 

a> 

OS 

Os 

CM 

CM 

CM 

© 

iO 

»o 

U5 

»o 

«o 

tO 

to 

iO 

»o 

*o 

»o 

to 

iO 

© 

c 

s 

o 

o 

© 

© 

OS 

o 

_ 

o 

© 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

-** 

n- 

»o 

IQ 

»o 

»o 

»o 

to 

to 

CO 

CO 

CD 

CO 

CO 

CO 

CO 

<* 

■* 

** 

** 

•* 

»o 

IO 

iO 

to 

© 

o 

O 

© 

© 

- 

© 

© 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

S  ' 

CM 

CM 

CM 

© 

g  s 

© 
iO 

o 

iO 

© 

IO 

© 

to 

© 
iO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

OS 

OS 

OS 

3J 

OS 

OS 

OS 

CM 

© 

CO 

CO 

CO 

CO 

CO 

CD 

CO 

tO 

tO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

© 

© 

R 

o 

8 

© 

© 

' 

o 

3 

-r 

© 

CM 

CM 

CM 

., 

t"- 

!>• 

r-- 

r*. 

r- 

1^. 

os 

OS 

os 

OS 

OS 

OS 

OS 

CO 

CO 

CO 

CO 

CO 

CO 

■* 

•^ 

^r 

*<*« 

^ 

"^ 

© 

© 

o 

co 

o 

OS 

© 

CM 

c 

CM 

OS 

CM 

- 

© 

S  S3 

CM    CM 


c3    P* 


: 

V 

0> 

o 

M 

cu 

« 

a 

a 

CO 

- 

- 

a 

a 

a 

D, 

^ 

© 

T) 

S 

CM 

CM 

CM 

Oh 

o 

>. 

« 

OS     OS 

OS    OS 

tO     tO 


OS     OS     CM 


s  s 


CD    CC    CO 


CD    CD    CO 


O    © 

CO     00 
CO     CO 


S  g 

©  © 


©  ©  © 

IO    tO     "O 

©  ©  © 


©  © 

o    ©    © 

CO    CO 

CO    CO    CO 

'.-■ 

CD 

CD    CO    CD 

to 

IO 

CO 

CO 

CO    CO    CO 

©         ©  © 


t^  t-  t^ 


CD    CM 
OS    l^ 


tO    CD    © 
i-h    OS*    CM 


gg 

CC    1" 


-r5   *^   -fa*    cv    qj    g; 


tu^i 


c.  a  3 
2  2  •§ 


Ph  c 


211 


(o   Ci    CJ    ffl 

-■>*  -^ 

■*P    rp    -^ 

-     OC    CO 

00    OC    QC 

03 

0   m    »o    1— < 

E^ 

C) 

£     -^      -*      T^ 

^       -5f 

-#       -^        TTf 

«      ■"#       -^        Tf 

-S    CM    CM    CM 

CO     CO 

"<**•*   "^ 

*o 

--  3  £  a  c; 

■    Oi    0: 

"Sri  to 
SoCJC 
Clio"3  g  — 

>> 

£2 

-2     !     I     1 

'o       1        1        1 

Oi    Oi    O 

co-co  CO  . 

-3 

o 

e   x    00   N 

IS 

S3 

o  0 

H* 

3d   '   ' 

;    ; 

O^O 

O  — 

c*    r-    t»-    CM 

0    >n    in 

CM    CM 

CM     CM     CM 

£° 

^6   '    ' 

so 

c3 

O    I-     1-     l>- 

^~   co    co    co 

r-    t^- 

t-    r-^    h- 

CC    -JD 

cO    CO    CO 

,3 

O 

Eh 

£  -#    •*    -* 

■*     ■* 

"*■   -^   tf 

^H 

C-     Oi 

C»    Oi    Oi 

o3  C  3 

■S  0  0  0 

000 

o 

h03^ 

q°    ' 

o 

K    N    N    N 

CM     CM 

CI    C-l     CM 

coco 

O     O 

>> 

a 
o 

§°  '  ■ 

3 

■a 

o 

,  "1 

-C    W    (M    W 

CM     CM 

SB 

*03 

o 

«1 

C) 

£    O    O     O 

O     O 

0  c  0 

o 

■gg 

CQ.C 

£    CO     CO     CO 

CO     CO 

CO     CO     CO 

*-. 

a 

«o 

o 
O 

03 

**r    rr 

-*   -^   ^r 

£^  •-*<   ^    ^n 

Eh 

C     C     CD 

■^    -^ 

-t*     "*    ^P 

£  0  0  0 

0   0 

ceo 

r-t  Vs    3    qj    3 

•i  03  03  ^=  — 

i3 

§° 

O    C'    0 

3 

—  "O        -~ 

£    CM    CM    CM 

CM     CM 

CM     CM     CM 

o 

1 J  92 

e  ci   01   ci 

■B 

3 

q° 

i    S° 

k   ■"    c    0 

O     O 

OOO 

iC     10 

lO     «     lO 

1—   CO    CO    CO 

CO     CO 

e 

tf  a 

c  w  "  "* 

c  o  X  c 

Oi    CX 

•ij    CM     Cl    CI 

CM     CM 

CM     CM     CM 

.3  c  o  g 

§°    •    ' 

>> 

M    -           » 

-Q 

© 

S3 

£    CO    CD    (O 

O    CO 

O    CO    CO 

3  03.3  3. S 

«  10   0   »o 

>—     CO     CO     CO 

3° 

CO    CO 

lO.US    U3 

CO     CO     CO 

j£  tjj  03  +* 

03 

■  r^ 

w 

£  0   0   0 

--  !» 

C    O    O    0 

p  0 

DQ  3 

S  c5     '  .  " 

£> 

H 

■O.C  » 

£    CM    CM    CM 

CM    CM 

CM     CM     CM 

©     .  3 

fS  os    O    Oi 

to      w> 

,?    CO     CO     CO 

(^  ^   ■*   f 

CO     CO 

CO     CO     CO 

Tt<     -*• 

-T<     ->#     -^ 

«—  1 

J2  0   0  0 

O     CO 

c  c   0 

~  cs  ai  oi 

CM     O 

CM     <-.     Oi 

3  °  a 

►J        » 

■^ 

_,  o>  l£  w 

*;      O      O      O 

O     O 

OOO 

0   «o 

r  w  •     =3 

ero" 

CO     CO 

CO     CO     tJ- 

'  s|&§ 

1  10 

'      >    c 

•      '   Ph 

■*3      '       '    GJ 

*        1       1 

►>.   ^   10     0 

8  0   s    K 

0    eu    c, 

.^    ^J    0    0 

&  &  a 

a   a  &  pn 

- 

gSE  a 

^   S    S 

P3    O    CO    0 

>> 

Q            Ph 

m 

— 

Oi 

no 

DO 

""* 

1-1 

1-1 

■* 

^ 

„ 

^ 

CM 

CM 

Ci 

CM 

O 

O 

Oi 

■0 

0 

CM 

CO' 

0 

in 

in 

Cl 

iO 

CO 

00 

CM- 

Cl 

O 

Oi 

Ci 

CM 

<N 

<7M 

CM 

t^ 

t- 

l"" 

1^ 

"* 

-* 

-*• 

■* 

__ 

^, 

h- 

r- 

O 

O 

O 

O 

O 

iO 

in 

,- 

iO 

rn 

Oi 

01 

O 

■■_ 

_ 

0 

O 

O 

0 

C 

0 

h- 

r  - 

H 

>— ' 

— 

I— 1 

^ 

rH 

1-1 

rH 

O 

ns 

Cl 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

rh 

— 

iO 

CO 

rp 

CO 

CD 

*n 

** 

tH 

"* 

O 

uO 

• 

lO 

0 

a 

■_ 

O 

c 

iCI 

CM 

CM 

CM 

^>^ 

^H 

_ 

rH 

0 

_ 

- 

O 

CO 

CO 

CO 

CO 

1-1 

— t 

w 

" 

^ 

,_, 

- 

Oi 

CM 

CM 

Cl 

0 

.- 

CO 

'■' 

IO 

CO 

CO 

CJ 

CO 

0 

0 

- 

— 

0 

Tf 

Tf 

"tf- 

0 

Cl 

CM 

'M 

Cl 

r— 

h- 

t-~ 

Oi 

Ci 

Oi 

Ci 

CO 

ci 

0-1 

CO 

TH 

Th 

"^ 

TP 

0 

c 

0 

0 

CN 

CM 

CM 

Cl 

<r> 

0 

0    ' 

— 

f 

* 

iO 

-w 

10 

*i 

* 

P4 

- 

" 

Ph 

& 

s 

g 

CO 

p. 

CU 

s 

> 

■* 

> 

c 

0 

P. 

0 

CJ 

^ 

0> 

t: 

>. 

PLh 

- 

TO 

w 

212 


o  ^ 

OS      rr- 

en 

5^  a  8  ° 
H.9      " 

x  r- 

a> 

oo         r-- 

a 

CO    00 

X    iO 

^r 

O              CM 

o  r- 

t-  r^ 

CO      -      X 

r^   cd 

p3 

o 

o 

e-< 

■§■§§15 

Sc  si* 

o    •* 

r»  ^ 

oo   cr> 

CO      I-" 

©  ©' 

CM    i-i 

o  o 

x  a> 

t^ 

O            CN 
t^.          00 

X    X 

(«o 

»C    CO 

■*    CO 

CO 

CO            rt* 

^f    CO 

o  o 

21c  >» 

E§ 

o  o 

o  o 

— 

o         o 

o  o 

o 

o- 

q 

»    w  0  p 

« 

rf"    CM 

CM    CS 

X 

-*          >o 

*da2 

CO     CM 

CM    CM 

c* 

CM    CM 

i>  K  O  m 

O 

O 

69 

iO    CN 

CO 

iC            uo 

•*P    X 

.2  i  >> 

CM     ~h 

x         a> 

■**«  CO 

CO    CM 

CO 

CM            CO 

CO    CO 

o  cu'r" 

TO  " 

C5 

•  a  co 

co 

fa  °-M 

e 

CO    M4 

Tt*            CO 

X     CO 

d     t— 

CM 

CM 

a§2 

o 

O 

H 

09 

©    CO 

•sss 

CM    CJ 

CM     CM 

~. 

CM 

CM    CM 

o 

2«£ 

'o 

O 

CD 

ffl 

q 

>» 

» 

CO      SO 

T3 

Sb-3 

iO    X 

O            00 

CN     CT> 

G 

CO    CN 

CO    CM 

CO 

CO              CO 

CO     CM 

£>  5  > 

O 

-a 

>A      $ 

4 

3 

cj 

II 

CO    CO 

CO    CO 

re 

CO 

CO     CO 

o 

rS 

—   1— 1 

-H        PH 

1-1 

rH 

"~"   ""* 

CD 

o 

CI    CN 

CM    CM 

CM 

CM            CM 

CM    CN 

.a 

X 

a>  x 

—     o 

o>    X 

o  o 

o 

o  o 

CD 

=S 

CJ 

CO 

OS           o 

X    CN 

CJ 

X    ^ 

on 

CD            ^ 

oS 

•2 

•O    ,H 

o  a> 

"-i< 

CM            CO 

^h    CT) 

J3 

0!   o 

O 

3 

Stt 

q 

o 

T) 

00 

i    O 

X    CO 

o 

o 

o  o 

Of) 

CO                     ' 

CO    CO 

CD 

'o 

i     CM 

r-  io 

CO 

Ci 

r-   co 

O 

q 

a 

o 

,   T3J"S   CJ> 

7e*«  a  3  a 

CD   C    ^Tj^ 

3  'C  ex  p  cJ 
".S  a~ 

=0 

o 

00     00 

a>   os 

>o 

uO            CM 

CN    CM 

03 

J  « 

*© 

CD     CO 

o 

CO     CO 

CO 

CO                CO 

CO'     CO 

o 

c 

q 

o  o 

o 

© 

o  o 

5  = 

O    X 

CO     CM 

CO   o> 

<3 

co  c— 

o  o 

■Jf     CO 

X 
CO 

cn          r- 

co         *n 

iO    OS 

M-    CO 

co 

io   r- 

,_, 

X            ,-t 

CO     CM 

C3 

CM     OS 

C-l 

CN     i-H 

-2 

as   x 

CI    iO 

o 

X 

CO    CO 

e 

G) 

t^    X 

t-    CT> 

r- 

t-,            co 

t^  t-. 

.  a  y  A  >. 

*2 

CN     -f 

** 

r^    CM 

£  5  s  c  ■= 

"3 

CI     iO 
CO    CO 

o 

uO    ^> 

co   ■* 

CM 

ViO 

CM            CM 

CO     iO 
CN     CM 

G] 

03 

t~-    X 

0 

03 

s 

a> 

O    CN 

O      Tf* 

X 

OS    CS 

C3 

CM    CN 

Eh 

G) 

jj 

„ 

I--    -* 

2      d 

©     CN 

X    t~- 

-*• 

X    CN 

x  ■* 

»o 

oc 

»o 

r~   x 

o 

c 

c 

G) 

ass 

*1 

TP     CN 

cp   r- 

CO    © 

CO    CM 

CO 

■  ■ 

M<    »C 

CJ  C3 

CM    CO 

CM 

o 

CM 

O'S 

q 

i   *      c 

o 

-     CN      £ 

H     N      [g 

*n 

y  « 

%     to 

+^    w      ^ 

as    c 

©- 

c    s    £ 

c3  .  c5 

ri  C  fe 

c3     C3     a 

- 

"3  S 

«    ej     P, 

a 

^    ^     g 

f*i    HH     p 

CM 

CO 

-a  ^ 

CO    X 

w 

Q 

a: 

a 

— .     — t    »o 

-H       CD       O 

CO      CD      CO 


i-H    OS     ^H 

.-h     OS     -O 
CO    CO    o 


rf     CO    CO 

o   o   © 
o  ©  o 


CO     X    I- 


cs  r-  © 

X  "^  -H 

CO  CO  © 

W  KJ  W 


CO     CO     CO 

©  ©  © 
©  ©  o 


IO    io 
X    CM 


1^    X 

CO     Tjt 

<o   © 


CO 

iO     © 

—    © 

^, 

■^f 

r~   © 

■^ 

CS    CO 

■r-" 

CM    CM 

CO 

CO 

M     'f     N 

CN    .-.    ^h 


©    ©    CO 

CC     05     t 


©   ©   © 

co   co    ~r 

CM    (M    CM 

CM     CM     CM 

CO 

i-i     CI 

rM 

X    © 

iO 

CM 

OS 

(A) 

CN    CN 

CO 

CO 

CM 

CO 

CM 

m 

r- 

:- 

ro 

:■' 

« 

CO     CO 

CM 

CN 

CM 

CN 

CM 

CM 

CM    CM 

[n 

©    X 

X 

O 

O 

O 

O 

© 

© 

©  © 

n   n   io 


on 

o 

o 

rH 

IO. 

X 

© 

3 

r>- 

iO 

oo 

CC 

l1*- 

r-« 

!>. 

© 

© 

' 

tJ- 

■* 

© 

CO 

CD 

80 

CO 

© 

a 

O 

o 

TH 

CM 

CO 

-■ 

CM 

iO 

© 

-^     ©     iO 


CO    X    — 


3      S 


O    ©    X 


©     ©     CO 
CO    X    © 

X    CM    X 
iO     CM     iO 
—     CO     IO 

CO    © 
CM     OS 

CM    CM    CM 

CM     CN     CM 

CM    CM 

—i   ©   rr 
cm'   cm'   cm 


o  o 
cm'  cm' 


a  a  a  ca 
w  n  ^  i: 


IO  iO  X 

r-  ©  © 

■-•  r>-  co 

rp  co'  co' 


H     C     W 
■"-J*    Tji    CO- 


-r    r-   © 


N     H    N  i— i     — 


CN     to    CN 

iO    ©    X 


CM  CO  w 
iO  CO  ■— « 
CM     CI     CM 


m 

iO 

-■ 

iO 

CO 

■.'i 

CM 

CM 

CM 

CM 

CO 

CM 

©  CI 
—  X 
CM     .— < 


iO  O  © 
CO  — <  X 
CM     CM     ^t 


co    ©    © 


CM     CM     CM 


c>- 

~- 

-■- 

M 

CO 

M 

CC 

CO 

CN 

CM 

CM 

CN 

CM 

M 

CM 

CN 

..- 

r— 

X 

r*. 

© 

O 

a 

O 

o 

— 

o 

a 

©  © 

©    rp    X 

CO     CO 

X    X    © 

©    OS    X 

iO     CO 

XXX 

t^   t^   r* 

CO     © 

■o  <o  <o 

X  TH  rH 
X  CN  X 
©    CO    CI 


■*    © 

r~  co 


ci   m   n 

CN     id    ■* 
CI    CI    CM 


co   x   r^ 


©   cm  co    © 


X     CO     © 
,-t    CM    ,-h 

r-   © 

CO    I-    OS 

1.648 
2.141 
1.757 

©    CM 

>o   X 

©     C4     t- 

CO    iO    <o 
*     id     N 

C3     C3 
,5    S 


,£}  ,3  +j       a 


a  c3   a 
io  ,i:  m 


CD  OJ 

—  (-■ 

a  a 

O  CM 


213 


5s> 

e 

is 

co 

13 


o 

co 
O 

a 

13 


« 

Eg  rt 
'2  ° 

SO 
is1? 

•  eP'—j. 
^'1 

00 


CO 

O 

Eh 


13 


"« 


O 


►J 

cq 
<! 


t 

CD 

1^- 

« 

CO     "<*< 

■^  few  fi  t, 

=■■§0  00 

55  *° 

W 

00 

CR 

OS 

CO    to 

£J   CN 

C4 

CM    CM 

rt 

C| 

o 

Eh 

"SosS  •- 

«o  ec 

~ 

CO 

■* 

10 

CO    d 

O   CN 

CO 

CO 
CO 

Oi 

— 

CD'    O 

CM    CO 

a  ■ 

*5    CO 

(N 

p« 

c^ 

fN 

CO    CO 

b  ° 

0 

0 

0  0 

si- 

5  0 

0 

0 

0 

— 

0  0 

q 

•  to  a  c 

j-  a  a.2 

60    0 

CO    i-i 

Js  ° 

CO     .-■ 

o  CD  S*> 

^-    C    Q    W 

CD 

0  O 

so  Oi 

on 

^f   ^ 

.2  3  >> 

(M 

?- 

■^J* 

CM 

00    CD 

a 

O  CD'£ 

O  O 

CO  w 

C5 

i  c  „ 

e*  eo 

■^ 

<o 

O 

10  r» 

3°3 

CM 

CM 

CM    CN 

^ 

O   O 

s 

■ 

r>- 

CM 

O    O 

o 

C3S 

CM 

8 

OJ     OS 
CM    CN 

CD 

O   O 

n 
>> 

Q 

T3 

o&| 

«o    w 

= 

N 

JS 

10 

C4 

S 

CO 

t>-    CO 

CN    CN 

3 

iA         CO 

0  0 

o 

CO 

CO 

CO 

CO    CO 

& 

S3  tu 

cs 

W 

e>4 

CM 

CN    CN 

CO 

00  r>- 

O   O 

CD 
CD 

0  0 

0 

O 

0 

c 

O   O 

cS 

•O 

2  0 

0 

C» 

CD 

■■* 

.-H      1^. 

<N 

r*. 

r- 

£1 

oEs 

-2  "^ 

t- 

Ol 

CM 

rt 

O    OS 

0  0 

3 

Sa 

CI 

CD 

i-wSk 

*5        i 

fe  0  s  0 

o 
a 

W  g  cd,2 

O 

o 

CD 
ft 

a>.g  "■Ota 

«  o> 

-. 

on 

Tf 

CO 

00    00 

o 

X2 

a  M 

CO 

«o 

CD 

CO 

CD    CD 
wo   uo 

^ 

0  0 

o 

=) 

O 

00   0 

■s  0 

r^ 

-2  ° 

iO 

r^ 

CO 

CO     CM 

O    CO 

CM 

CM 

CM 

CN 

CO    CO 

*5    ^H 

«#   os 

a 

M     O 

CO 

<o 

O 

CO 

.—  0 

-2  ^ 

10 

CN 

O 

UJ 

OS    tp 

■* 

'H 

CO     ■* 

H 

C) 

3    2  9  S 

f9   (M 

CM 

uo    OS 

— 

fM 

r— 

iC    CD 

(.1 

^ 

^H      ^H 

C5 

fo  CO 

fO 

to 

CO    00 
CN    -*• 

a 

CD 

■^ 

CO 

0 

O    --« 

Ph 

C3 

Ci 

w 

on 

00    iO 

e  ° 

a 

-1 

CD 

Tf    CN 

0 

Oi 

«5 

CO 

0 

q 

fo  n 

ao   r* 

£  0 

QO    CO 

-S  ^ 

00 

t- 

CO 

iO 

CN    •**< 

P'S 

q 

co 

i 

0 

as 

- 

1 

0 

(\> 

s 

CO 

> 

^  ,' 

2     <3     c£ 

8  a 

CD    " 

0 
5 

Da 

-  - 

3  a  a 

£    O    CM 

6HH 

.£; 

CO 

>> 

Q 

(^ 

ffi 

O 

0 

O 

t» 

00 

OS 

h* 

CO 

•* 

CN 

OS 

O 

CN 

as 

CO 

0 

CN 

CN 

CN 

CM 

CO 

CN 

CN 

CO 

O 

O 

O 

O 

O 

0 

0 

O 

O 

,_, 

CO 

r^. 

r-- 

r- 

IO 

»o 

-f 

OS 

r-. 

O 

M< 

CN 

<N 

O 

O 

cS 

CO 

CN 

CN 

O 

CN 

h- 

CN 

?3 

s 

CN 

CN 

7-X 

O 

00 

r>- 

CO 

tN 

eN 

CN 

CO 

m 

^O 

CO 

CO 

ro 

CO 

0 

Tf 

•** 

r- 

c^ 

0 

on 

vO 

■^r 

UO 

CO 

CN 

CN 

CN 

CN 

CM 

CN 

CN 

O 

CO 

CO 

eo 

CO 

CO 

X 

CO 

CN 

CN 

CM 

CN 

CN 

CM 

CN 

f*- 

b- 

r-- 

r- 

O 

O 

O 

- 

O 

0 

0 

O 

ao 

^J< 

OS 

00 

O 

00 

r-t 

O 

as 

r- 

•—1 

** 

1-1 

0 

OS 

CO 

CN 

CN    CM 

t^. 

O    WO 

«o 

uo. 

»c 

U3 

"0 

10    WO 

O 

CN 

O 

CO    0 

r^. 

as 

O     CO 

0 

O 

O0    CD 

CN 

CN 

CN 

CN 

CN 

CM    CM 

00 

^■2 

CO 

00    ^ 

■^ 

r~ 

"Tt*       WO 

r» 

00 

CO 

i~- 

■^ 

00    OS 

co 

CO 

CO 

eo 

CO 

CO    CO 

CM 

£ 

t*- 

00 

r- 

^r 

wo    ■"* 

O 

"* 

CN 

CM    OS 

^ 

ao 

OS 

O    CM 

O 

o> 

as 

00 

O    O 

O 

•"* 

f-H       I-H 

CM 

s? 

0 

t- 

co 

* 

CO 

CO 

CM 

^  "P 

0 

00 

•& 

CO 

f 

10 

CM 

1^.   *-< 

CN 

CN 

CN    CO 

0    > 

OT 

cn 

.. 

w 

m 

En 

in    w 

Pi 

»-i 

P 

_ 

p, 

P. 

& 

00 

— 

ec 

CN 

CN 

^   .fcl 

t- 

>» 

Ph  Q 

03 

w 

O 

O 

0 

O 

O 

0 

O 

t» 

WO 

r- 

W1 

■rf 

CO 

CN 

r^. 

OS 

O 

O 

0 

0 

0 

CN 

-» 

CN 

CM 

m 

CM 

CN 

O 

CN 

O 

O 

O 

O 

O 

O 

O 

O 

O 

CN 

■* 

■  - 

•* 

-* 

OS 

00 

t^ 

O 

to 

CM 

OS 

OS 

OS 

00 

S3 

CN 

O 

r^ 

OS 

t» 

,_, 

t» 

** 

00 

S 

CN 

CN 

CN 

CM 

CM 

CN 

O 

WO 

CO 

O 

O 

"* 

■* 

CO 

CO 

CO 

CO 

CO 

0 

5 

CN 

on 

CO 

•^ 

CO 

CN 

CM 

0 

CO 

CO 

rc 

?■-. 

7-Z- 

CO 

CN 

CM 

CM 

CN 

CM 

CM 

CM 

H 

t- 

h- 

L^ 

O 

O 

c 

O 

O 

O 

O 

O 

O 

CO 

CO 

-* 

O 

CO 

^ 

X 

as 

•  -. 

O 

OS 

CO 

a 

O 

•"* 

*"" 

r-   os 

wo   cr> 
CN    CO 


00   r- 

CO 

Si 

00 

00   00 

TP 

wo    wo 

wO 

WO 

WO 

WO    wo 

O 

CN     wo 

0 

i  -t* 

CO     O 

CM 

.-H  eN 

0 

OS 

OS 

00    CD 

CM    CN 

CN 

1-1 

CN 

CN     CI 

CO 

CM 

O 

r-  co 

CO    t-- 

wo 

CO    CO 

CO 

CO 

CO 

CO    CO 

CD    00 

t>- 

<N 

CO 

co   r~ 

CO    CO 

co 

^ 

CO 

CO     CO 

O 

CO 

wo    wo 

co   r~ 

CO 

S8 

wo   00 

00   os 

CO 

as 

0 

CM 

■0 

ro 

O    CO 

^H        WO 

CM     CO 

CM 

re 

,^ 

r- 

wo 

CO     CO 

"<f 

r-   .-1 

0   a 

O 

O 

O     f4 

CI) 

CO 

p. 

:■. 

- 

& 

P 

p 

V 

a! 

* 

CN 

-r 

Pi 

% 

CO 

- 

CM 

£ 

CQ 

— 

214 


"* 

*- 

* 

eo 

3 

CM 

lO 

o 

© 

^ 

o 

o 

- 

O 

CO 

,_, 

,_, 

"# 

•o 

^* 

»o 

1-H 

«i 

"»" 

o 

■~ 

©* 

rt 

CM 

CM 

CM 

CM 

CM 

o 

o 

O 

o 

O 

8S 

o 
o 

o 

CO 

CO 

CM 

T*" 

CO 

o 

OS 

T* 

_ 

<r> 

t^ 

t- 

o 

CM 

CO 

CM 

-1 

r- 

a 

CM 

r  - 

Si 

CM 

CO 
CM 

o 

iC 

U5 

CO 

IO 

io 

«* 

•* 

-* 

CO 

CO 

CO 

o 

CM 

CD 

iO 

8 

CO 
CM 

CM 

CM 

3  S3  S3 

o 

_ 

_, 

_, 

eo 

CO 

CO 

CO 

— 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

•<n 

CD 

CD 

t— 

CD 

8 

O 

O 

o 

O 

O 

o 

. 

h- 

r^ 

■ - 

t^ 

o 

fc- 

t- 

■H 

O 

"" ' 

'"' 

to 

© 

o 

CM 

r- 

CO 

co 

o 

BO 

o 

CM 

CO 

CO 

s 

" 

O 

s 

iO 

lO 

"3 

o 

lO 

t_l 

o 

n 

s 

CM 

GO 

r- 

OS 

r~ 

CD 

CM 

1-1 

r™1 

** 

*"H 

CM 

^ 

»o 

_ 

S3 

»c 

CO 

t- 

iO 

8 

CO 

CO 

CO 

co 

CO 

CO 

CM 

CO 

CO 

$ 

CO 

r- 

CO 

o 

^ 

CD 

CM 

ira 

00 

OS 

OS 

CO 

OS 

r- 

o 

ffi 

CM 

m 

r» 

t^ 

r- 

CM 

CM 

CO 

i— i 

CO 

•-, 

rH 

rH 

'"H 

— ( 

— 

1-1 

Cm 

CO 

»o 

^ 

r- 

d: 

l~- 

r- 

o 

CM 

V* 

■"' 

7-1 

*"* 

""' 

J 

-** 

d 

cS 

Ch 

Cv 

"S 

a 

09 

> 

CM 

O 

»c 

to    a 

a;    a 

4 

w 

g     fl 

~ 

a  c 

- 

.3 

a 

&H 

&  s 

e 

•c 

£  5 

«2 

a 

CM  CO  CM 
O  CM  CM 

t-  r-  cm 


CO  CD 
oo  OS 
OS  OS 


9.702 
10. 010 
10.632 

CO    CO 

J2  °° 

CO    i— 1 
OS    o 

10.523 
10.844 
10. 916 

m  n  n 

8  88 

CM    CM 

8  8 

N    CM    <N 

888 

cDCDcD  CD    CO  OOSOS 


r-  t--  co 

CO     O0     CO 


cm  co  r-- 

CO     CM     CM 
CM     CM     CM 


o 

2.131 
2.131 
2.131 

CO     CO 

2.131 
2.131 
2.131 

CD    CD 
O    O 


-H      t-t  O 


t^-      f^      t^ 


OS  i-H     i-H 


O  CM 
OO  CO 
CO    >o 


O    CM 
•5!    t*« 


r~   r~   r^ 

-     -    - 
o   »o   >o 


OO    H     N 


CD  CO  OS 
CD  »0  CO 
CM    CM    CM 


M  H  H 
CO  CO  CD 
O    CM    iO 


CO    CO    CO 


CM     UO     00 

CM    iO 

CO     CO 

CO    CO    CD 

o 

OS    OC    CO 


_ 

- 

s 

I_1 

US 

-1 

lO 

<N 

-J 

CO 

CM 

CM 

CM 

to  m  to  ., 

«  w  w  ,; 

ca  o  o  .s 

i_  v.  t-.  ,-. 

a  a  a  a 
SS2  2 


OS     *t« 

t-    CM 

*o 

OS 

OS    OS 

OS 

OS 

OS    *cH 

OS    io 

Tf 

r*-     CM 

OS 

OS    oi 

OS 

OS 

CM    CM 

CM 

CM 

8  8  8 

o 

o 

O 

c3S3S3 

eo 

O 

CO    CO 

CO 

CD    *0 

to 

O 

OS     OS 

-TO 

CO 

R  %  §3  S3 

o 

^    CM 

*a  to 

'Cf* 

TF 

o 

CM    CM 

rM 

s 

CM    CM 

CM 

CM 

O 

r-l     ^H 

,_, 

fH 

CO     CO 

-- 

CM    CM 

CM 

CM 

tO    Tf 

t*. 

*#   io 

o  o 

O 

O 

o 

io 

Tt"     -rfl 

r^ 

O    CO 

>-* 

00 

— 

■* 

tO    IQ 

»o 

■"?• 

o 

r*    r-< 

-- 

CM    O 

00   t-- 

CO 

CO 

i-i    i-H 

^H 

CM 

CO   ■* 

OS    t^ 

CO 

CM    CM 

CM 

CM 

CM    O 

r~ 

tC 

xp    fj- 

CM 

CM 

o 

i-H     »C 

CM 

r»   i-h 

.-■■ 

i-  r- 

t>. 

1^- 

o 

^h    CM 

S 

s  s 

•O 

O 

o 

1-H      FH 

iH 

CO    OO 

r— 

CM 

OS    OO 

OS 

o 

#j  ; 

4-1    • 

d  « 

c3    +^ 

s  § 

cu 

W 

0) 

«  Ph 

- 

a  ■■ 

CD 

a 

0J    *J 

>    C 

•* 

*o    > 

rn 

M     O 

_ 

S 

tt< 

a  o 

"51 

£  5 

CO 

tr 

215 


'■e 


»H 


'2  fl 


o 

^3     I 

6    I 
o  -3- 


^3 


e 

© 


^3 


^53 
<» 

l*-«S 

S 

c--~> 

6 


O 

T— I 


r^   00         »   n 

SoS 

CN    O 

lO     CD     CO 

r  -x  o 

C»     CD              CM     CO 

©    00 

©     CO    © 

S  £  t-:       t~  o 

t^    CD 

iO_  «3    «3 

sgS 

(5 

iS 

-<'Cl 

r-  oo         ©  © 

©    -^ 

■^      t-H                   CO      -*< 

©     CN 

>0    CN    © 

t,    35    O            O    00 

r-   oo 

©      i-H      CO 

o   CD    OO           0C    N 

i>   t^ 

iC    ©    © 

°  5  ° 

CQ^ 

■^    Ol            CN    O0 

xf     © 

©    -^    t~- 

CO    en           O    O 

e,    iO     O              CD     i-« 

**>     r-l 

©    «0    CM 

c3 

CO    ©    © 

t^   t^   r^ 

e 

C| 

*#     -#              CO     CO 

t>-     f- 

CN    CN     CN 

© 

3 

a 

^ 

ft,   o    o          o   © 

CN    CN     CN 

gN    «'            MM 

CN    CN 

CN    CN    CN 

> 

3 

w 

©    ©             Q    O 
O    CD            ©    O 

©    © 

o  ©  o 

w 

c/> 

Bo   O    O            ©    O 

©    © 

o   o   © 

M    00     00              CO    00 

00    00 

o 

o 

a 

3 

— «     ,-.                ,_(     ,_, 

TH      ^      Ti* 

s,    CN     Ci              CM     CN 

io   io 

iO    >C    iO 

C3 
CD 

h-    CN    CS            (M    CN 

CO    CO 

CO    CO    CO 

§ 

©    -***            00    -* 

CO     © 

O    00  'i-4 

»o   »o 

lO       O       Tj( 

^    N    00            CO    O0 

i-t    00 

CN    i-t    00 

l>-  © 

©    ©    »D 

<s  -^  ■**■         ^p  co 

CO    CO 

CO    CO    CO 

o 

o 

.9  ao 

r^   f— <   i — i 

00     iC              OO    CO 

r^  © 

»0       O       Tj* 

^    iO     r-i              O     CM 

t-     CO 

io   -^   oo 

Oi    Oi 

h  o-d 

©^-* 

,3*3- 

"2  i-   r-         r-   i-- 

t^   t^-   © 

sag 

C| 

H  o  M 

o 

^T3 

■a 

bca  ■ 
q  w  o 

a  2  g 

m  3 

to   © 

«o    ©    t^- 

c,    iO     ■*              CO    N 

■fl4    CN 

lO      l-H      t-H 

n    M    (N            CN    Ol 

fis  r-   r-         r-   i-- 

C  o 

t»    I> 

t-  t^  t- 

D 

q 

ho" 

T3 

O    ©            CO    00 

©    -t- 

©  ©  o 

©    CO 

M    00    © 

s§ 

1-1 

q  © 

1 

J 

T3   03 

©  ©  o 

£3 

-^    00            K3    o 

-s^    -o    00 

M 

g 

3"# 

e 

TO   & 

- 

s 

s  i  i  ^  ,  i 

"o   i-i   oa    Sj   ^   csl 

O      W      t? 

o  £  \  £ 

j«   d   o   g  q   c 

S    cj    c]           d    d 

(-i    a>    c 

■— »     O     OJ     o 

s  k  ^  fe 

-    c3     C»    Ot    O* 

^fL,   PL,    g   Ph   Pm 

g    CN    « 

^    tJ*    ©    00 

C_>                        I- 

CJ 

t>i 

£        5 

m 

t^Tp©         fr-  m  r-         ©oo 

"*©©  CO    00    (N  f^i-H 

oi  od  d         co  oo  od        ©t^ 


r-  cm   © 

»0     CN     >— i 

rf    ©    00 


r-  io   r- 


©   ©   © 


oo   ©   © 


-<r   co   © 


t^.  t^  t^» 


:    - 

•1    CM 

3    © 

CD 
© 

~ 

©    © 

CN     CN 

-J    CN 

CM 

C\ 

CN    CN 

N    CM 

©  ©  © 

©  ©  o 

©  ©  © 

od  od  oo 


©  ©  © 
od  od  od 


©   ©  © 


■*    Cft    o 


CN      r-H      00  l~i 


t~   r-   © 


CN 

4f3 

CO 

© 

n 
o 

CO 
OS 

o 

© 

OS 

© 

00 

© 

00 

© 

© 

© 

© 

00 

© 

©  OO  © 
M  H  N 
CN    CO    CN 


1^    t^    t- 


©     ©     iT5 
IN    d    N 


©     —     © 


o  »c 
©"  r^ 


s 


a;  o    cy  -—  eu  CJ 

,    ™  i-    i—    3  t-  f- 

&  a  a  c3  —  — 

CN  CO    tP    i  ©  00 


M    N  -if    CO    CN 


-1 

"*  © 

b-     CO 
©     CD 

00 

to 

00 

■•*  © 

-H     l-O 

oo   © 

CD 
© 

CO 

CO     CM 

r-l 

^H 

©  © 

Oi 

©    CO  — <    •* 

^H      r-l  CO'     CM 


© 

CO 

t— 

t^ 

r- 

CM 

IN 

CM 

t- 

t-. 

oo 

00 

© 

© 

© 

©  o 

©  © 

©  © 

od  od 


©  ©  © 

©  ©  © 

©  ©  © 

od  od  od 


•H     <-dkT-<  ■* 


©     ©     OO 


r^-   ©  © 


CM 

CM 

»o 

t>- 

© 

CO 

© 

U3 

CO 

1-1 

*^ 

lO 

OS 

OO 

©  ©  © 

©   r* 

©   ©   o 

CM     ©     © 

©   t- 

CM    ©    00 

t-      t-      p 

a  a  c3 


a  a 

'  ©    CM 


P    DQ 


216 


os  <o  to 
10   to   oo 

•*}•   to 

CO    00 

r-  o 
r-  co 

CO     CM     CO 

CM    «-S 

o  o 

©   ©   cm 

OS    OO    N 
id    M    C5 


lO    cm 

CO    CM 


co   co   -^ 


*0 

»o 

a 

"3 

to 

tp 

os 

"<t 

T 

cs 

o 

r*- 

t*- 

CO 

to 

t- 

00 

t^- 

r» 

r» 

r* 

gs  a 


CN  ,-(.-<  T-4     f— I 


M 

OS 

CM 

iO 

iO 

Is- 

■^f 

OS 

o 

CM 

h- 

Is- 

tO 

•*?• 

CO 

T* 

CO 

co 

CO 

CO 

CO   >o   o 


to    iO 

00    00 


Is-     CM 
—     X 

00     CM 

r- 
t- 

o 

iO 
00 

CM 

os 

to 

to 
oo 

iO    to 
to  to 

© 

to 

to 

»o 

CO 

iO 

to 

»o 

o 

O    O    iO 

o  to 

o  o 

CM    ©    Is- 

CM    OS 

CM    O 

8o   © 
©   to 

H    M    H 


o 

a 

O) 

ft 

ft 

3 

n 

a 

- 

Pn 

ft 

j£ 

■«* 

*n 

— 

H 

cu 

0 

Ph 

r/. 

W 

2«0538T- 

_ 

54- 

15 

I-    t>-  H  O"  CM  .-(  CO 

SI—  i— I  CM  N  H  ic 

tP  i-h  US  00  -h  CO 

tO     "^  CO*  CM  «— "  r— 1  i— I 


to    iO 
•o   oo 

os   r- 

CM    CM 

CM     .-H     O 
CO    C-    GO 

IO       •# 

CO     CO 

■•* 

r-- 

r- 

00 

r*- 

to 

CO 

t-- 

r- 

0)0  ©     O  *#     -<J<     -rf 

O     CO  —I     •-!  CO     CO     CO 

to  to         t-  r-         t~-  t-  r- 


©  o  © 


00    CO    CO 


© 

© 

to 

to 

to 

,_ 

© 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

OO 

OO 

CO 

CO 

Is- 

© 

»o 

r*- 

IO 

CM 

CO 

"""' 

CM 

r* 

i— i 

r- 

o> 

to 

Is- 

CO 

on 

CO 

iO 

CS 

■^ 

"^ 

OS 

© 

OS 

Is- 

r. 

r- 

CO 

to 

*o 

co 

CO 

© 

CO 

to 

'"", 

CO 

r- 

^ 

CO 

©  © 
cm   cs 


©  to 


©    Is-    © 

CM    CO*    CO 


©     O  iO     ©  ©    ©    © 

©  ©         r-  ©         ©  cm  •*?< 

i-H     CM  i-l     CM  i-1     CM     CM 


?  p.  a  g 

£  ^  «  £ 


p.  a  p. 

©     CM     -3* 
.-I    CM    CM 


Ph  ft  i 


CM     f-l     i-t 


CM 

i_| 

CM 

© 

•i 

S3 

CO 

CO 

r- 

iO 

© 

CM 

iO 

iO 

CO 

CO 

CM 

■  i 

CM 

© 

r- 

© 

■^ 

to 

to 

r- 

OS 

iO 

© 

■^ 

© 

© 

© 

tO 

-^ 

-*f 

os 

ns 

© 

OS 

I-- 

Is- 

3: 

.. 

OS 

iO 

iO 

© 

© 

00    00    00 


^ 

b- 

r- 

r- 

© 

to 

© 

: 

© 

© 

r- 

,- 

O 

,_, 

CM 

iO 

Is- 

■rf 

CM 

CM 

CM 

"^ 

O     I-H  _J-- 


., 

h- 

tr> 

r- 

r-- 

00 

Oi 

CO 

>o 

00 

© 

10 

CO 

CO 

©   ©   © 


CO 

^ 

r- 

C-1 

00 

10 

t~~ 

iO 

CO 

M, 

CO 

CO 

10 

© 

I— 

©  © 

O    © 

©    Oi    © 

CM    © 

CM    © 

CM    ©    © 

© 

Q 

© 

O 

© 

O 

-r 

to 

CM 

■ti 

CM 

CM 

CM 

CM 

CM 

ft  Ph  tn 


a  3   a  p,  o. 


= 


©  CM  CO 

"*♦  ©  CO 

I—  CO  <o 

CO  CO  cm" 


©    t—  ©    CM    CO 

O    CM  CM    CM    CO 

■^    CO  CO    ©    to 


00 

10 

-", 

■* 

iO 

t— 

5 

CO 

TP 

CO 

CO 

CO 

an 

© 

tO 

t- 

t- 

r- 

r- 

t-- 

l^ 

00    CO    CO 


OS 

10 

tO 

OS 
iO 

to 

OS 

»o 

OS 

*o 

OS 

OS 

CO 
CM 

CO 
CM 

CO 
CM 

OS 
CM 

OS 
CM 

OS 
CM 

©     tO     to 
CI     -h    CN 


CM 

r. 

OS 

CO 
CM 

© 

CO 
iO 
IO 

3 

-?■■ 

CM 

© 

CO 

© 

CM 

CM 

to 

CM 

© 

©        ■-<  © 


tO    CM 

OS     t^* 


IO    ©    © 

h  d  n 


*z*  +j  -i-s    cj    qj    a> 


s 

UJ 

& 

cd 

ft 

O 

Hh 

fc 

11 

.u 

i  (-1 

217 


^ 


CO 


co  T3 

g  a 

<=>  o 


go 
o  ^ 

o  05 


^ 


^H 


^ 


a 


O 

T— I 

H 

M 

< 


,_, 

IQ 

^? 

CO    CO 

CN    CN    00 

R     CU    f_ 

cn 

cS   ? 

OS 

*o 

•-1 

CN    00    00 

a§^ 

v?    "^ 

•O 

CD 

CO    CO 

CN    .-1    -^ 

sg§ 

§ 

w 

3.§w 

Sz; 

CJO   , 

fl  08 

-    ©I, 

>i  w  0 

_, 

CN 

CO 

CO    CO 

CN    CN    O 

CO 

O 

CO     --1 

N     iO     IO 

co   ^ 

^O 

00   t- 

CN    CN    CO 

a  >o 

■■■■- 

0 

CO    CO 

CN    CN    CN 

0 

q 

CD  0 

PQT3 

M< 

X 

CD 

CN    O 

-H    CN    O 

CO 

CD 

r- 

M"   h- 

OS     rH     CO 

eo    "^ 

CO 

^H     O 

C3 

|s' 

00 

o> 

CD    CO 

W    iO    U5 

I>* 

r^ 

t^    I-- 

**■    t-    b- 

H 

'0 

q 

t-- 

t^ 

CD 

r*   r^ 

r-<     r->     W 

■<*< 

— 

n 

CN    CN 

3 

id 

*5  »o 

ID, 

10 

CO    CD 

CO     CO     CO 

« 

a  •"' 

— 1 

rH 

i-I    r-4 

f-l     f-H     •-■ 

<o 

fl 

> 

w 

0 

= 

= 

O    O 

OOO 

0 

5 

O    O 

Q     CO     O 
OOO 

ro 

*s   ° 

3 

O    O 

w 

a> 

a  co 

00 

00 

00    00 

00    00    00 

O 

O 

3 

q 

. 

__ 

?_l 

0  0 

OOO 

10 

iO 

«- 

OS     OS 

CN    CN    ?» 

*3    "* 

— 

•^ 

CN    CN 

73 

&     00 

/■■ 

00 

OS    OS 

q 

CN 

CN    CN 

CN    CN    CN 

0 

00 

en 

i«    CO 

O    ^    OS 

CO 

CD 

CN     iO 

10  r-  co 

«  •* 

■— 

CN    W 

CN    i-t    ^-> 

a  0 

O 

t-    t-- 

CD    CO    CD 

;S  -*• 

— 

■* 

CO    CO 

CO     CO     CO 

0 

q 

•a 

G  «  0 

CO 

^< 

CO 

-*    CN 

OS    O    O 

a> 

CO 

CN 

IQ     iO 

t-i    co    OO 

S3 

K  3 

m 

CD 

CN    CO 

OS    W    N 

3 

'■3  *3  -9 

O    N 

CN 

<N 

CN    CN 

CN    CN    CN 

0 

S  G  03 
.3  C3— ' 

K    ° 

CD 

CD 

CO    CO 

CD    CD    CD 

a? 

x  r  0 

q 

"a 

tj 

0  0 

d+= 

P  in  0 

CO 

eo 

■*    CN 

CS    O    CN 

ov 

CN 

CO 

id    CO 

■— 1      "■*      f-H 

00  *° 

00 

0 

CN     iO 

OS    CN    CO 

115 

0  p  fl 

a  C  ° 

«  cs 

o» 

rt 

CN     CN 

CN    CO    CO 

Ki  *° 

CD 

CD 

CO    CD 

O    O    CD 

0 

0 

q 

O 

0 

O 

0 

O    CO 

OOO 

0  _ 

1 

3a 

OS 

CN    O 

CN    O    «» 

CJ   CO 

* 

T3  co 

O 

c 

0 

O    O 

OOO 

^  s 

O 

0 

0 

O     «3 

O     CO     O 

CO 

--- 

-r 

CO     CO 

to  O 

00 

8 

£ 

la 

§ 

a 

1*; 

j* 

..  *'     ! 

*'     !     ! 

>  ■* 

»o 

0 

,y    ^    a;    C) 

11 

pa 

-.  —  — 

3  a  a  a 

g  s 

- 

& 

^     CN     ^J 

g    O    CD    O 
rrt    CO    CO     ^ 

0 

O 

CO 

W 

»o   00 

OS 

CO     r-H 

/. 

-* 

O     CO 

X, 

CN 

• 

t*- 

1^. 

t 

O 

00    1-1 

00 

CO    CD 

CN 

iO    CO 

OJ 

OS 

i-t    CO 

00 

OS 

OS    CO 

1C 

■^ 

b-  r* 

r- 

CN    CO 

CO 

00 

iC   10 

CO 

0  0 

s  s 

0 
1. 
0 

g 

0 

CO    CO 

00 

co 

H 

Tj<      -Cfl 

',- 

CO 

CO    CO 

_ 

OS 

OS 

CN    CN 

CN 

CN 

OS    CD 

to 

*o 

CN    ■"CP 

CN 

CN 

rfi    -* 

CO 

CO 

g  S3 

CN 

CN 

CN     f-l 

CO 

T* 

CN    CN 

IN 

CN 

CD    CD 

CO 

CO 

00    CO 
iO     CI 

(N 

CN 

CN    f-H 

O 

TJ< 

CN    CN 

CN 

CN 

co    CD 

O    O 

O 

O 

CN    CN 

-* 

CN 

O 

O 

O    O 

O 

O 

"ti    -^ 

TH 

O 

Ph  ,3 

O 

1 

n 

^  P4 

d   •• 

a 

45  "Id 

-*■ 

0  j> 

CO     ^ 

CU 

a 

p. 

d 

? 

&  a> 

-o 

fc- 

p*. 

-   - 

CO 

W 

218 


3 

ik 
G 

*<3 


"S 


so 


Co  t~h 


5' 


=0 

o 
^> 


o 
i— < 

n 

< 


■* 

■** 

** 

^t< 

^ 

o> 

© 

CO 

CO 

on 

00 

at 

iO 

UO 

rH 

■^ 

1-1 

•^ 

•"• 

*o 

t-1 

rH 

iH 

i-H 

i-i 

M 

l-H 

E-> 

Q 

iseel- 
neous 
mill 
pense 

4>     -<H       ^ 

Tr< 

M< 

■* 

■-r 

CO 

■*p 

Tf 

^ 

a 

©    © 

© 

© 

CN 

o 

<§«      g 

G) 

a. 

*3           .            1 

© 

O 

© 

>> 
>. 

S3 

Press 
cloth 

and 
mend 

ing 

*©       i       ' 

=)   :   : 

© 

© 

©" 

© 

CO 

© 

© 

T3 

03 

*-  ©  o 

© 

a 

<tt 

oj 

o  «  « 

V 

<* 

<i 

W 

^ 

«8    UJ     lO 

10 

© 

O 

© 

— ■ 

© 

r^- 

1^ 

CO 

cm 

CN 

CN 

<M 

CN 

£'3 

'©  ©' 

*a  r-.   r- 

r^ 

r-* 

r* 

1^. 

r*- 

r^ 

r- 

O    M    M 

CO 

so 

co 

CO 

co 

-^. 

CO 

'O      "*'       Tjl 

■* 

E-« 

q 

«o  CN    cN 

(M 

CN 

CN 

fN 

CN 

CN 

CN 

>t>2 

CO 

CO 

CO 

CO 

CO 

.-0 

,2  CM    cm 

CN 

CN 

CN 

CN 

CN 

CN 

3 

o 

£«§ 

<=l 

o 

•d 

„  rt 

S3 
CO 

D 

w 

0 

'o  o 

CN 

CN 

CN 

CN 

CN 

CN 

CJ 

.Q 

o 

0 

in 

233: 

f 

.2    CO    CO 

CO 

CO 

CO 

CO 

CO 

CO 

o 

03 

0  pi   ri 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

a 

CO 

G) 

05    O     O 

© 

O 

© 

© 

© 

© 

© 

o. 

H 

£;    CM     CM 

CN 

CM 

rN 

CN 

iO 

»o 

*c 

«C 

iO 

U0 

o 
D 

co  .a 

q 

*>  0  10 

„- 

03 

w    °    ° 

© 

© 

© 

O 

O 

O 

© 

E-i 

*o  cm"   cm" 

CN 

CN 

CN 

»N 

CN 

rN 

CN 

Q    ifl    «5 

"O 

»o 

iO 

»o 

iO 

iO 

>o 

ubri- 

iting 

and 

ean- 

ing 

00   0    © 

© 

© 

iO 

lO 

*o 

»n 

iO 

•d 
3 

»o   O 
"3  0 

© 

O 

© 

© 

© 

O 

© 

o 

Mo       o 

C) 

o 

Seed 
unload- 
ing 
labor 

°o   CM    CM 

CN 

fN 

CN 

o 

Dollar 

0.19 

.19 

Ol 

© 

© 

© 

© 

© 

© 

a 

en 

a,  0  © 

© 

© 

© 

© 

© 

© 

ira 

03 

„g    CO    CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

o 

a 

0J 

0J 

<=t 

Sx 

>> 

inter 
oom 
ex- 
ense 

b  ©  © 

as 

S3 

•d 

a  01  in 
*©  © 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

cv 

J  n     a 

q 

o 

!d 

fa  ef 

°0    CO     O 

CO 

B 

& 

.3  bti  13  '13 
MJ2 

0  © 

q 

«    CO     O 

CO 

CO 

© 

CO 

© 

© 

© 

■d-^  w 

CD 

© 

«    CO    CO 

00 

00 

00 

00 

00 

00 

00 

0J  O'S 
00     .  M 

© 

© 

© 

© 

© 

ru 

© 

q  ■*  ^ 

-t* 

-* 

■^ 

■* 

Tj< 

<* 

3     d 

«   O    © 

© 

00 

© 

M< 

© 

© 

© 

M_  g> 

■g  CM    CO 

© 

© 

© 

CN 

on 

© 

g»o 

'""' 

hi       w 

1 

Seed 
rushed 
per  24 
hours 

©    © 

© 

© 

© 

© 

© 

© 

*0    "#     CO 

e 

iO 

_ 

•0 

1> 

rp 

© 

CO 

o 

d     1 

S 

a     - 

O     *     CN 

<p  * 

>  w 

CN 

w     CO 

* 

ci  w 

*  ■ 

• 

0    w 

0  a 

a 

<D 

CD 

»  .2  ^ 

™  rt 

"S. 

a 

5  a 

ft 

a 

a^  ^ 

O    fX, 

Ah 

fe« 

CO 

»r)  -* 

© 

00 

£ 

5 

0 
CQ 

lO     IO     t-1  r-H     i-«     i-H 


5  3 


©  ©  © 

CO    CO    CN 
Tf     "H^     CO 


©  © 
Oi  © 
©     © 


IO     iO     iO 

1^    t-    o* 

CO    CO    © 


©  ©  © 

CN    CN    CN 


CN    CN    CN 


C^    CN    CN 


©    © 
CN    CN 


©    ©    CO 

©     ©     © 

©     CD 

CN     (N     CN 

CI     CN     CN 

CN     CN 

CN     CN     CN 

CN     CN     CN 

CN     CN 

CO    CO    CO 

CO    CO    CO 

CO     CO 

CN    CN    CN 

CN    CN    CN 

CN    CN 

© 

o  ©  © 
CO  GO  GO 
CN     CN     CN 


CN     CN     CN 


CN     CN     CN 


©     ©     © 

CO     CO    CO 

10   o   o 


©  ©  © 

CO     CO     CO 

10   >o   »o 


©  © 

CO     CO 

»o   10 


©  ©  © 

10    10    10 

©  ©  © 


©  ©  © 

"C   10    10 

©  ©  © 


©   o  © 
m   »n   10 

CO    CO    CO 


©  ©  © 

u0    >o    10 
CO    CO    CO 


©   ©   © 
10   m   m 

CO     CO    CO 


© 

© 
00 

© 
© 
00 

00 

© 
© 
00 

CO 

© 
00 

© 
© 
00 

© 
© 

GO 

© 
© 
GO 

© 

© 

© 

© 
*<* 

© 

© 

© 

© 

O 

© 

>o 

© 

0 

© 

© 

IO 

CN 

© 

l> 

CN 

00 

© 

© 

I-. 

©    ©    © 

©   »o  © 

©  © 

iO    ©    00 

or-©. 

©    CO 

5 


»ei)ioOTOTS2tfito 

cp  ftftftcs    P.O, 

3.^   N   «    ■*   «   <D   00 


CO     CO 

© 

00 

00 

CO 

CO    CO 

Tt<       *^ 

■* 

■^ 

Tf      ■* 

*n  ■* 

■^ 

CO 

CO 

•^ 

-rfH      Tt< 

© 

© 

CO    CO    ■** 


>c  »o 

IO 

0 

© 

© 

~ 

© 

t- 

»o 

«o 

m 

in 

©  © 

CN 

CN 

CN 

© 

CN    CN 

CN 

CN 

CN 

CN 

CN 

CN 

TfH      -HH 

■^ 

"H^ 

Tt< 

Tt< 

Tf 

©      © 

O 

© 

O 

© 

© 

© 

Tp      -* 

■^ 

"■* 

Ttl 

Tt< 

■^ 

"# 

Ifl 

40 

m 

©      © 

© 

© 

© 

© 

© 

© 

CN    CN 

CN 

CN 

CN 

CN 

CN 

CN 

© 

CN    CN 

CN   • 

CN 

-  , 

CN 

CM 

CM 

©    © 

T- 

-■ 

© 

© 

3! 

© 

© 

©    © 

© 

© 

© 

© 

CTJ 

©    © 

© 

© 

© 

© 

© 

O 

CN    CN 

CN 

CN 

CN 

CN 

CN 

CN 

O    O 

© 

O 

© 

© 

© 

© 

-O 

»o 

•O 

to  10 

ia 

«o 

iO 

tO 

m 

iO 

>o   »o 

»o 

iO 

»o 

UD 

«-> 

to 

©  © 

■ 

c 

0 

C 

.. 

© 

r-i      t-t 

1-1 

■""! 

1-1 

1-1 

1-1 

1-1 

©  © 
to  «o 
©  © 


© 

CN    CN 

-( 

CN 

CN 

CM 

CM    CM 

©    © 

© 

© 

© 

© 

©    © 

© 

©    © 

© 

O 

© 

© 

iO    iO 

U3 

to 

CO    CO 

CO 

CO 

CO 

CO     CO 

©   © 

© 

© 

© 

~- 

CN    CN 

CM 

CN 

CM     CM 

© 

©    CD 

CD 

© 

© 

© 

tD    © 

to   «o 

•O 

iO 

to 

CO     CO 

CO 

CO 

CO 

CO 

CO    CO 

© 

© 

© 

© 

CO 

© 

00 

CO    CO 

CO 

00    GO 

© 

© 

© 

■*      Tt* 

•^ 

■* 

■*    "* 

©  © 

© 

CO 

t- 

0 

©    © 

CN    © 

© 

© 

t- 

CM 

©    00 

t~      t*      3      t-      Q, 

a  a  c3  a  g 


.S3    s 

R  co 


219 


,      ©    © 

■*  ■<* 

on 

00     00 

oo 

he   iO 

rH 

tH        I— 1 

•H 

i    w       <vj 

■^ 

^ 

"3  3„  <g 

•** 

CO     CO 

XT 

T*1 

3  o"  0 

^  cm   cm 

1M 

OS    OS 

OJ 

CM 

s 

Mis 

lane 

m 

expe 

o  o 

o 

Q, 

q 

*o    !     ! 

o 

O 

>> 
>> 

Press 
cloth 

and 
mend 

ing 

®    1     ! 

OS 

CO 

CD 

OS 

CO- 

•a 

<D 

s 

5s  oo  oo 

CN 

CO 

w 

<l 

=i 

Y>  io   io 

,- 

©  o 

o 

o 

<o    >o 

iO 

»o 

(Dm 

(3    oo     OO 

CM    CM 

CM 

CM 

£'S 

o  o 

<3 

03 

CO     CO 

CO 

CO 

4   OS    OS 

© 

OS    OS 

OS 

OS 

O 

O    CO     CO 

CO 

'CO    CO 

CO 

CO 

q 

., 

CN    CN 

CN 

CM 

fl 

>-o.S 

OS 

OS    OS 

OS 

OS 

s 

o 

TJ 

O 

o 

fl 

'w 

o 

^  00   oo 

oo 

OO    OO 

00 

00 

a 

>> 

J2 

o  © 

C| 

T) 

■3 

s 

*9   OS    © 

OS    OS 

OS 

OS 

en 

o  OS  a 

OS 

OS     OS 

OS 

o 

it! 

_C3 

o 

03 
CO 

R| 

o 

o 

-3 

00    00 

CO 

00 

e  in  o 

iO 

io  >o 

iO 

o 

<D  C3 
CO  ,3 

O     — 1      rH 

^ 

-H  w 

M 

rH 

O 

iO 

iO 

ci 

~ 

o  o 

o 

o 

O 

CN 

<M    <N 

CM 

E-i 

Q    "D     "O 

»o 

iO    »o 

i-O 

iO 

ubri- 
iting 
and 
lean- 
ing 

o 

o 

3 

-2  °  ° 

O    O 

o 

o  o 

o 

iO 

o 

MO        a 

Q 

Seed 
unload- 
ing 
labor 

CM    CN 

CM 

CM 

<u 

- 

OS    OS 

OS 

OS 

o 

%  © 

:z3 

H 

o  o 

o 

o 

uo    iO 

-     io 

iO 

a 

^S    CO     CO 

CO 

tf 

C) 

>, 

>v 

C  o  x  3 

-. 

OS    OS 

OS 

OS 

.3 

-2  ^  ^ 

CN 

N. 

o  © 

.     & 

Mn    c. 

Cl 

SB 

^  be 

._ 

CO     CO 

CO 

CO 

C3 
0 
P 

•S-S'O  g 

r-  bC  ri  OJ 
.5  M§B 

iO     iO 

iO 

,8    CO     CO 

*S  o 

CO 

CO     CO 

CO 

CO 

1-1  .3 

q 

co   cO    © 

- 

CO     CO 

CO 

CO 

flJ    •  3 

SO     CO 

CD 

«    CO    CO 

oo 

O0    GO 

00 

CO     .  M 

Os    OS 

OS 

OS 

D   -?    -* 

^ 

"tf«  -^ 

-s 

b 

3 

3 

■§°  ° 

IO 

O    CO 

o 

o 

■gg  « 

C-. 

CM    OS 

CM 

o 

J 

<D 

1 

tJ.4,        - 

O   io 

o 

o 

■a 

a; 

CO 

3  6)  •- 
«5  n  3 

O    CM 

o 

CM 

s  ^  cm 

O 

J 

CO 

r 

- 

- 

d 

% 

« j  ' 

> 

*' 

o 

^  8 

CD 

S    3    3 
^     03     C3 

S-      CD      CD 

CD 

'r  a.  a 
1  ■*  « 

T3    ^ 

a 

g  Hh  Ph 

a 

— t 

(5 

£ 

CD 

02 

>> 

OS    OS 
00    OS 


o  o  o 

CO    co    CO 


iO 
CM 

CO 

iO 

oo 

o 

IO 
CM 

o 
»o 

CM 

o 

iO 
CM 

o  o 

iO     iO 
CM    CM 

o 

•* 

-+- 

^t* 

rH 

*# 

■^    rt* 

r- 

r- 

t>- 

t-- 

t^ 

l>    b- 

CO 

CO 

CO 

CO 

CO 

CO    CO 

U3 

1- 

lO 

!>• 

io   »o 

o 

— 

rH 

o 

o 
oo 

CO 

o 

CO 

CO 

o 

CO 

CO 

o 

CO 

CO 

O 
GO 

CO 

o  o 

OO   oo 

CO     CO 

1—1 

1-1 

r-l 

"~ 

o  o 

CO     CO 


o  o  o 

CO     CO     CO 

t-  t-  t- 


iO 

iO 

IO 

IO 

IO 

iO 

o 

o 

o 

o 

o 

o 

© 

<M 

CN 

CN 

CN 

CN 

<N 

CM 

»o 

IO 

iO 

iO 

IO 

IO 

iO 

o 

o 

- 

o 

O 

© 

© 

iO 

iO 

iO 

iO 

in 

iO 

o 

o 

o 

o 

© 

O 

© 

o 

<N 

CM 

CN 

CM 

CN 

CN 

CN 

OS 

Os 

OS 

OS 

OS 

_. 

OS 

o 

o 

O 

o 

o 

o 

O 

© 

iO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

OS 

3! 

OS 

~ 

OS 

~ 

OS 

tM 

CM 

CN 

CN 

CN 

CM 

o 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

IO 

iO 

CO 

CO 

CO 

CO 

CO 

CO 

o 

eo 

FP 

CD 

CO 

CO 

CD 

CD 

CO 

CO 

00 

CO 

CO 

CO 

OO 

CO 

OO 

OS 

OS 

OS 

OS 

OS 

OS 

OS 

■* 

■* 

o 

CO 

o 

CO 

© 

I>- 

© 

CM 

OS 

T-J 

OS 

CN 

00 

00 

rH     CM     CN 


Qm 


CO     CO  ^t4     XJ1     rf 

OS    OS  CN    CN    CM 


iO 

IO 

iO 

iO 

© 

CN 

CN 

CN 

CN 

CM 

© 

1_i 

,_, 

_ 

rH 

rH 

© 

1  ■ 

_ 

- 

r- 

r- 

r- 

t- 

r- 

CO 

CO 

co 

co 

CO 

CO 

CO 

t^ 

t>- 

b- 

t- 

[>. 

CO 

co 

co 

co 

re 

CO 

CO 

© 

OS 

OS 

© 

© 

© 

CN 

CN 

CN 

rt 

CN 

CN 

© 

>o 

»o 

»o 

»o 

»o 

»o 

iO 

40 

IO 

U0 

»o 

iO 

>" 

iO 

1—1 

I— ' 

1~{ 

r-i 

© 

© 

O 

© 

CN 

CN 

CN 

CN 

CN 

fN 

OS 

© 

© 

© 

Os 

© 

© 

'"", 

,_H 

rH 

1-1 

1-1 

1-1 

iO 

U3 

»o 

»o 

iO 

IO 

© 

O 

o 

© 

o 

© 

© 

CN 

CM 

CN 

CM 

CN 

(N 

CN 

IO 

»o 

»o 

« 

LO 

UJ 

"' 

© 

© 

o 

o 

© 

O 

© 

iO 

>o 

© 

O 

© 

© 

© 

© 

o 

© 

CN 

CN 

CN 

CN 

CN 

<N 

CN 

© 

OS 

OS 

OS 

© 

© 

© 

© 

o    © 
io   »o 

CO     CO 


o    ©   © 

W     -O     "C 
CO     CO     CO 


© 

© 

© 

© 

© 

~ 

© 

CN 

CM 

© 

CO 

© 

© 

CO 

© 

IO 

iO 

IO 

IO 

tO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

© 

CO 

© 

© 

CO 

© 

© 

CD 

CO 

CO 

© 

© 

© 

© 

00 

00 

CO 

© 

© 

© 

© 

© 

hh 

TH 

rt< 

© 

© 

o 

© 

o 

© 

© 

CN 

- 

CN 

© 

CN 

a 

© 

I-H 

©  © 

©     iO 

CM     CM 


©  ©  © 
O  CM  Tf* 
CN    CM    CM 


a  fe  a  3 


a  £ 

t-r      CD 

P-i  m 


a 

00     rH 


CD     CD     CD 

a  a  a 


220 


Tf 

-# 

03 

CO 

00 

00 

US 

»o 

rH 

'-, 

'-, 

5 

M< 

M« 

«ef* 

TT 

CO 

Tf* 

cm 

CM 

Os 

o 

o 

OS 

CD 

o 

o 

O 

o 

CM 

on 

f 

CO 

^ 

o 

lO 

•o 

o 

o 

© 

u-> 

o 

© 

cm 

cm 

N 

© 

m 

•o 

o 

CO 

CO 

CO 

CO 

CD 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

OS 

o> 

OS 

OS 

OS 

OS 

o 

© 

CO 

eo 

CO 

CD 

CO 

o 

o 

o 

— 

o 

CO 

OD 

GO 

eo 

CO 

CO 

CO 

CO 

rH 

*"H 

1-1 

o 

o 

o 

o 

o 

CM 

CM 

o 

C: 

o 

o 

o 

o 

CM 

CM 

CM 

CM 

CM 

CM 

m 

»o 

m 

IO 

iO 

O 

o 

o 

o 

o 

o 

CM 

CM 

CM 

CM 

CM 

cm 

»o 

»o 

»o 

m 

»o 

"5 

o 

O 

o 

o 

o 

o 

»o 

iO 

to 

iO 

»n 

iO 

o 

o 

o 

o 

o 

o 

o 

iM 

fN 

CM 

CM 

cm- 

CM 

OS 

Ol 

OS 

OS 

OS 

o 

o 

o 

o 

o 

o 

o 

•o 

u-i 

m 

in 

io 

CO 

CO 

CO 

CO 

CJ 

CO 

rH 

""^ 

TH 

1-1 

- 

OS 

OS 

OS 

CM 

CM 

CM 

CM 

CM 

CM 

o 

© 

CO 

CO 

CO 

CD 

CO 

m 

ID 

iO 

iO 

iO 

CO 

CO 

CO 

CO 

© 

to 

CO 

eo 

CO 

CO 

© 

en 

CO 

00 

CO 

CO 

CO 

CO 

CO 

Oi 

OS 

OS 

OS 

OS 

OS 

<* 

■*t* 

•* 

■*F 

■^t* 

o 

CO 

CM 

tO 

CO 

o 

CM 

OS 

h- 

rH 

OS 

CM 

o 

o 

o 

iO 

Tf< 

CM 

CO 

"* 

CM 

CO 

: 

■^ 

CI 

Ph 

CD 

a 

a 

"o 

a. 

-* 

iO 

*/"    *« 

ui 

CM 

V     cj 

cy 

fl 

a 

a  a 

a 

3 

Q 

Ph 

Ph 

£  2 

ri 

£ 

£  ft 

02 

M< 

■** 

-* 

OS 

OS 

/ 

00 

on 

on 

* 

00 

»o 

U3 

•*f 

"* 

tf 

-f 

M* 

■* 

CM 

OS 

OS 

CM 

CM 

o 

o 

© 

© 

OS 

OS 

OS 

© 

© 

© 

© 

© 

CO 

t 

Tf 

•** 

CO 

o 

»o 

to 

© 

© 

© 

© 

1^- 

© 

CM 

CM 

CM 

CM 

o 

CO 

on 

on 

to 

to 

iO 

iO 

»n 

«3 

»o 

CO 

CO 

eo 

CO 

CO 

CO 

CO 

CO 

CO 

on 

CO 

OS 

OS 

© 

OS 

OS 

Os 

o 

_ 

© 

© 

© 

o 

o 

© 

o 

CM 

fM 

CM 

© 

~ 

© 

© 

c 

© 

© 

o 

© 

S3  S3 

CO 
CM 

S3  S3 

CO 
CM 

r: 

S3 

© 

© 

o 

© 

© 

to 

'■: 

IO 

iO 

to 

•  '. 

»o 

m 

CM 

CN 

CM 

CM 

CM 

CM 

CM 

CM 

,- 

iO 

ID 

lr 

© 

© 

© 

o 

o 

© 

o 

© 

CM 

CM 

CM* 

cm" 

CM 

fN 

<N 

CM 

iO 

»o 

IO 

iO 

to 

»o 

»o 

iO 

© 

o 

© 

© 

to 

m 

to 

iO 

to 

m 

•■ 

tO 

© 

o 

© 

© 

_ 

© 

© 

© 

CM 

*N 

CM 

CM 

-1 

OS 

(N 

CM 

OS 

~ 

--- 

OS 

OS 

OS 

Os 

OS 

© 

o 

o 

© 

© 

© 

to 

to 

to 

to 

IO 

to 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

OS 

35 

-. 

OS 

OS 

OS 

C7> 

OS 

CI 

CM 

CM 

CM 

CM 

CM 

CM 

© 

CO 

© 

en 

eo 

iO 

J5 

iO 

w 

>o 

»o 

to 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

© 

© 

© 

© 

© 

© 

CO 

CO 

© 

en 

en 

en 

CO 

00 

CO 

CO 

00 

CO 

CO 

"J< 

"# 

•^ 

<* 

•»** 

•>* 

■*!« 

© 

o 

o 

© 

CO 

© 

o 

© 

CM 

Os 

OS 

CM 

© 

CM 

s 

© 

© 

© 

o 

© 

© 

© 

© 

... 

© 

© 

© 

© 

CO 

^ 

■^ 

CO 

CO 

CO 

CO 

TP 

■ 

•  -. 

d 

c3 

Ph 

a 

a  * 

m   » 

>  -* 

*a 

2 

«  % 

V 

cj 

r 

M 

H 

CO     CD 

CD 

CI) 

&  o 

a 

a  a 

ft 

p 

ix 

a 

Q. 

§  f^ 

Ph 

ft 

*  s 

■<*< 

© 

CO 

CO 

CO 

© 

CJ 

CQ 

>) 

Q 

Ph 

X 

©  OS  ^  ^J* 


>n   >n   C5  & 

W  N  iO  "O 
CD  CO  CM  CM 


OS  ©  OS  OS 

©  ©  ©  © 

CO  CO  CO  CO 

r-  r*  t—  t- 

©  ©  o  o 


IO  to  «o  iO 

OS  OS  OS  OS 

©  ©  ©  © 


©  ©  ©  © 


m  to  to  m 
©  ©  ©  o 


©  ©  ©  © 
m  >n  m  in 
©  ©  ©  © 


CM  CM  CM  CM 

OS  OS  OS  OS 


©  ©  o  © 
m  m  o  ^s 

CO  CO  CO  CO 


©  ©  OS  os 
CM  Cl  CM  CM 


CD  cD  ©  © 
iO  to  to  m 
CO  CO  CO  CO 


co  oo  on  on 

©   ©   ©   © 


©  ©  ©  o 
cm"   cm'   cm'   cm" 


a  « 

Ph     d 


Ph  ft   Uj   ffi 


221 


io   ic 

Os    oo 

O     S    CM 

•g^3  a  g.a 

00     CN     GO 

fe     -     « 

00     iO 

O    CN    CO 

K   w  oo 

00    t^ 

t^    t-- 

i-t    OS     CO 

a 

O     CN     r* 
CI 

o 

Eh 

3^  a  «.o 

i— i.a 

CR     N     IN 

©     CN     O 

O    GO 
O    OS 

o  o 

OS    00 

o  ■*  -^f 

-H      O     O 

q  «« 

CN     i"H 

i—i    .—i 

CN     CN     CN 

"3  i 

=o    t^    »o 

>C    ^J* 

iO    ■* 

N    O     O 

,5   o  o 
o    o      * 

o  o 

o  o 

O    O    O 

ll£ 

o  o 

o  o 

o  o  o 

o- 

=1 

•    w  3  0 

i-  3  B..2 

*5     O    CO 

t^-    fM 

co  r- 

"*    iO    o 

,«    r-  tj< 

•O    OS 

CN    OS    CO 

*C    CO 

lO    ■* 

t—   »c   m 

%  s  s  s 

©   o 

=o    to   CN 

1JH       O 

O    CO     N 

.5  3  >> 

un   >o 

CN     t- 

iO     N    M 

»o   ■*$•    ^ 

©   d 

S 

i    3  to 

CO     CO     IO 

S  <»  o 

c  °  ° 

*3    to    to 

CN     O 

O)     iO 

40    O    lO 

©   © 

a 

00        T-l       T-l 

CO     CO    CO 
CN     CN     CN 

£  a£ 

«     CN    cn 

(N    CN 

CN    CN 

CN     CN     CN 

o 

o   d 

R 

>> 

a      S 

?       H      O 

•*    W 

t3 

•3     OS    O 

»2     CO     CO 

IO     OO 

iO    o 

O0    CN    OS 

3 

CO   c^ 

CO     CO 

CO    CO    CN 

e 

X3  o  > 

,3"  8 

o    d 

^f*   -# 

■^    •>*•    tJ< 

t     CO    X 

©   o 

00    OO 

CO     CO 

CO     CO     CO 

o 

SJ 
>> 

OS    Ol 

m   >o 

iO    c     iO 

,Q 

t- 

f3     N    ■* 

GO    t-^ 

T-4     IO     « 

CO     CN 

■o 

rS      °     ° 

o  o 

o  o 

o  o  o 

o 

& 

q 

W 

CO 

o 

f»    CO    O 

CN    O 

,-H      O0 

r^    io    •— t 

•3 

r~   oo 

O    to    OS 

00    I-- 

i-*    o 

o   co   r- 

S3 

3 

w& 

q 

o 

•3 

■l-sS" 

.  o  o 

0> 

o 

5  a  S^ 

r2          i     OS 
'©           I     i-H 

q    : 

tN    CO 

o  ■* 

i    CN     —i 

1      ,-H     tN 

a 

603  fe  O 

*     O    O) 

^H       pH 

iO    iO 

CN     CN     CN 

o 

«    c    o 
©   o 

r*  "^ 

os   as 

CO    CO    00 
00    CO    CO 

+jj 

q 

o 
O 

o   o   © 

Ph 

t  °  — 

o    O    N 
©     ©"    tO 

1-H     O 

l«     CO 

©  ©  © 

OS    CO 

CO    -t* 

os  as 
io   Th 

©    CN    CO 

OS     t^     CJ-, 

OS    CO 

M*    CO 

©   "~   © 

c3 

J3    Oi    "S* 

^     ^J*     CO 

O    OO 

CN     iO 

O0      ©      i-H 

»c  o 

CO     i-i 

tJ«    CS    CN 

H 

©     t^    CO 

r-  os 

CO     t^ 

to   co    r- 

i  §  a  §  & 

3      :3  3  a> 

Jo     tO    CB 

4C    CO 

°    n   n 

CO   ■* 

CN    CN 

CN    CN    CN 

1 

m  3  3  s.s 
ajS  a  u 

Cj 

«o  as  o 

t^.    to 

o> 

■*    CO 

oo  as 

Jzl    io   r~ 

UO    OO 

CO    -^ 

CO    -^    iO 

a 

^ 

Ph 

Eh 

w 

IO     y-l 

CO     t^ 

1m 

O    Q    IN 

as  ic 

CO    CO 

tO    t--.    00 

'©  oi  co 

CN     CO 

CN    CN 

CN    CN    CN 

5 

0 

A  3 

D.V3 

<u  a 

.2   ©  © 

as   as 

<D    CN 

co  *o 

co   ■**•   © 

©    cn   co 

CM     CO 

CN     CN 

CN     tN     CN 

ft  B 

S3. 

3     ;     ' 

ri 

o  "  r< 

g  tn   « 

O      CO      CO 

^      CO      W      CO 

V. 

m    3    3 

W     "3     cl 

i.      O      0) 

.     p.  ft 

|     CN     CO 

,_,    i,    a>    a* 
J*    &  a  ft 

D.^  ^ 

U   Pk   0. 

^    1"    ©    00 

£ 

P 

02 

H 

t^    CN 

iO    © 

OS     O     1-H 

iO     ©    tN 

©    t^ 

r^   ©   t- 

©    iO    iO 

t—    tO 

ls-    S 

.—1    os    to 

C  § 

©    to    CN 

IO       Tj*       © 

^h-   r-   00 

©       ©       © 

X    CO 

to    -^    to 

IO      Tf      TjH 

©     tO 

©  ©  © 

©      ©      © 

©  © 

©  0  © 

©      ©      © 

0  © 

© 

■**"    CO    © 

.-H      t— 

©     ©    00 

O    CO     N 

IO     CO     Tf 

iO     tJ-     CO 

to     to 

© 

O    ■— 1    CO 

CO    CO    © 

CO    CN 

^H        t-       -^ 

I--    CO 

■*   CO    -^ 

f     M     CO 

•flH       ^J- 

© 

t—    h-    Tf 

©     ©     CO 

©     CN 

to    ©    tO 

CO     © 

CN     tN     .-1 

0 

CO     CO 

CN     CN     CN 

04     CN 

CN     tN     CN 

CS    CN 

© 

h-     f- 

tO    00    © 

<N    © 

CO    CN    CO 

CO     CO     CN 

CO    CN 

© 

CO    CO    00 

r-~   t>   i-h. 

CN    tN     CN 

r-   i>- 

CN     CN 

CN     CN     CN 

CN    tN    CN 

i-(    ©    CO 

to  •**< 

Z 

©     ©     © 

©  ©  © 

0  © 

o 

H 

© 

CO     ©     --• 

CN    ©    © 

©    *--    OS 

CN     ©     © 

00     GO 

© 

r-H      ^H       1-, 

w 

r/J 

P 

1    CN    ■* 

©     © 

1    CN    © 

O0     © 

« 

1    00    CO 

©     CN 

O 

.      ^H       H 

r-l 

H     pH 

iJ 

tN    CN    CN 

■-.     — 

CN    CN     .-i 

CO     CO 
00    CO 

^ 

t--  t--  r^ 

00    00    00 

x 

< 

CN    CO    © 

CN     ©     © 

©  © 

tO     CO     i-t 

©  © 

©     ©     £>. 

CS     ©     CJ 

CN     CO 

CO     Tjl    IT) 

i©     ^ti     -^f 

r-  © 

©    CO    CN 

f-t  ■* 

CN     "^     r-t 

©    CN    © 

CN    CO    00 

iO    ©    tO 

©  © 

(O    N    <C 

tO    "O    © 

10  0 

tO     ©     ■*** 

HON 

CO    CO    CN 

CN    CN    CN 

CN    CN 

O 

CO    N    ^ 

1--   r- 

id    «    N 

2S 

CN     O     TP 

i-H     CN     CO 

CN     ©     © 

»0      TjH      H 

©    © 

CN     CO     tO 

*    CO    c 

t-     CO     © 

CO     CN 

i—    CO    to 

Cl     CO 

CN    CN    CN 

CN    CN    CN 

CN    CN 

i-H      ©      H 

CO     CN 

T-t    l;    to 

CN     CN 

CN    ©    -r 

©       1-H       CO 

©    rH 

CN    CN    CN 

i-H     CN     CN 

CN    CN 

i        "        ' 

,        1    CN 

!    !  a 

1        1     CS 

:   j  plh 

1      '  zs 

..     ■     !   a 

c    ■     >  > 

®     ^-     CN      O 

m  *m    to    to' 

^       CO      CO 

a>    co    co    co 

™  ^2  ^  S 

r*  ft  ft  d. 

g    '.N    CO    TP 

c3     ft    ft 

S-.^-S 

£    ©    CO 

5        £ 

tX 

>> 

w 

©  ©  © 

H     00 

CN 

"? 

CO 

CO     to 

■*** 

to     TP     CO 

!>•     IO 

© 

0 

h- 

10   -*    ■* 

CO     CO 

10 

to 

"* 

tN 

r-   cn 

© 

iO      t^      1-H 

t*    CN 

"HH 

© 

■*    ** 

tO 

© 

iO     CO     Tf 

•*f    CO 

IO 

10 

tO 

©  ©  © 

©    © 

0 

_ 

© 

©  ©  © 

©    © 

0 

0 

0 

© 

CO    ©    © 

CO    •* 

O0     "* 

© 

fN 

"* 

CO    tO    © 

CO 

CO    CO 

tO 

© 

CN 

CN 

rn. 

Tp    CO    CO 

CO    CO 

•H^ 

•^ 

CO 

© 

© 

© 

CN     © 

-© 

fN 

CN    h    CN 

CN      rH 

CN 

© 

©     © 

CO 

CO 

CO 

CN     CN 

CN    CN    CN 

CN     CN 

CN 

CN 

© 

©    tO    CN 
©    tO    CO 
CO    <N    CN 

©     !>. 

1-- 

Ol 

r^ 

Cn"     CN 

£ 

CN 

© 

©    O    O 

©  © 

© 

C 

© 

■rP 

— 

•*p 

to    t©    iO 

to   iO 

tO 

»o 

tO 

■^    CN 

Uv 

rN 

© 

r/i 

CN     r~*    CN 

s 

/ 
O 

©    O    © 

©    © 

© 

H 

c 

1— 1    ©    ^ 

CN    © 

rH 

•M* 

,_, 

r,   © 

S 

O   00    N 

©   © 

N 

rH          " 

rH     rH 

w 

<V) 

p 

1    O    CN 

■^     f 

l© 

"H-      © 

^ 

« 

1     CN     CO 

[>,      © 

O 

0 

,     rH 

rH 

1-3 

< 

00    CO    © 

CO     CO     f 
00    00    00 

©      © 

S8  SS  SS 

•/ 

©      © 

^ 

<i 

to    ^ 

© 

© 

© 

rH      !>. 

t^  ©   © 

CN    © 

CO 

1>- 

if)    CO    •* 

•*    CO 

© 

»o 

t© 

rH     ©     -* 

CO    © 

© 

© 

00 

rH     © 

CO 

CO 

CO 

r-  ©   © 

10  © 

Tt< 

^     tO     Tfl 

■*     tO 

"-fl 

•■* 

•^ 

to    00    © 
cN     tO    tO 

,_, 

00   © 

t^ 

r- 

© 

CN    CN  ■  CN 

© 

»o   IO 

© 

0 

© 

en 

©     CN     © 

©  © 

© 

© 

©      rH       rH 

1— 

'""' 

-H       © 

© 

T_t 

© 

CO    GO 

CO 

tO 

CO 

00    CO    © 

r-  ©. 

Is* 

i-H     CN      pHT 

1—1    ■" ' 

1-1 

rH      O 

!>■ 

© 

00 

tC 

t- 

r»- 

©     rH     1>- 

©    00 

-rr 

»© 

r- 

IH     CN     rH 

1—1    *""* 

rH 

1-1 

1         !     CN 

:    i  a 

1       ■     c3 

-      '      !  Ph 

a     1    ■'  •• 

>  *      ■  a 

O    CN    CO     > 

K  »!  % 

O      CO 

M 

CO 

<1>      CO      CO 

Oi 

V 

press 
Plan 
Plan 

ect  so 

a  ft  ft 

1     TH     « 

c3     ft 
rft     GO 

_ 

O 

ft 

CN 

CD                       ,tj 

£                       P 

t>» 

02 

w 

,_, 

,_, 

m 

© 

OS 

*0 

© 

OS 

CD 

OS 

iO 

« 

CM 

M 

CO 

CN 

- 

iO 

iO 

CO 

m 

OS 

io 

CO 

o 

-^ 

iO 

iO 

CO 

■** 

— 

CO 

CO 

«* 

-* 

-^ 

CO 

CO 

■"# 

CO 

iO 

•<* 

o 

. 

© 

o 

o 

o 

-■ 

o 

o 

o 

© 

o 

© 

iO 

© 

Tf 

Tf< 

X 

CO 

CO 

CO 

o 

© 

1C 

t^. 

CO 

TfH 

CD 

CN 

© 

© 

co 

CM 

CO 

CO 

CO 

CO 

CO 

o 

t- 

^ 

^. 

on 

I-- 

© 

CM 

iO 

Si 

CM 

CN 

CN 

CM 

O 

00 

on 

CO 

Si 

— 

IN 

CM 

CM 

<N 

CN 

CN 

CM 

CM 

o 

CM 

»o 

in 

OS 

r*- 

© 

t- 

— 

m 

r-- 

I^~ 

CM 

CN 

CM 

CN 

CN 

CN 

CM 

© 

10 

lO 

lO 

© 

© 

CO 

CO 

CD 

CD 

CD 

cm 

o 

r» 

CO 

»a 

K 

CM 

© 

s 

- 

© 

© 

© 

© 

o 

cm 

© 

CO 

as 

S8 

in 

rs 

CD 

OS 

CO 

co 

_ 

O0 

I- 

o 

*""t 

1-1 

on 

/ 

CD 

© 

O 

t"- 

CO 

i> 

1-1 

r-- 

CN 

rN 

00 

r- 

CO 

© 

© 

GO 

/ 

OS 

OS 

© 

o 

CO 

© 

fN 

h*. 

CO 

CN 

OS 

CN 

CO 

r- 

TP 

CO 

CO 

V 

CO 

iO 

iO 

<n 

CN 

h- 

© 

CM 

OS 

CM 

f- 

■* 

»o 

■* 

CO 

M* 

CO 

•^ 

*$ 

CM 

CN 

CN 

CN 

O 

o 

OS 

m 

o 

© 

© 

o 

r- 

I- 

GO 

O 

o 

r^. 

oo 

[*■ 

O0 

© 

'-H 

1-1 

CN 

r-- 

h- 

© 

r*. 

cD 

O 

OS 

"* 

CO 

■■# 

© 

. 

m 

00 

8R 

CN 

00 

r*. 

CO 

CO 

■* 

■ 

CO 

c 

- 

- 

i; 

= 

0       i 

^ 

>   « 

CO 

c 

en    * 

• 

o    ^ 

ea 

CD     ifi 

CD 

c3 

a 
- 

CD 

a 

iO 

3  a 
£  © 

a 

CM 

.b 

CO 

>t 

0 

Ph 

w 

OS 

r* 

,_, 

CO 

IO     t- 

r- 

© 

© 

t^. 

CM    i-i 

CO* 

CM 

CN 

o    --*< 

CN 

© 

h- 

CO' 

6 

CO 

© 

1Q     CO 

CM 

© 

OS 

CN    CN 

CN 

c-. 

cc 

CO 

CO 

«# 

tH 

tH 

©    © 

o 

o 

© 

©    © 

© 

© 

o 

© 

© 

© 

CO    © 

© 

o 

© 

CO 

CO    CO 

CO 

CO 

-* 

CO 

CO 

© 

CO    CO 

-^ 

r^ 

a> 

IO 

1-- 

CD 

CO    CN 

CN 

CO 

CO 

CO 

© 

00    © 

IO 

© 

t-- 

M* 

I--    - 

iO     CO 

TP 

iO 

00   - 

CM 

CM 

CM 

1— < 

1—1 

00 

© 

© 

CO 

CO    CO 

3 

CM     CM 

CM 

CM 

CN 

CM 

CM     CM 

© 

iO 

,. 

00 

CO 

CM 

©     CC 

IO 

Tf 

-tf 

M* 

CO    CO 

CM 

CM 

CM    CM 

© 

r» 

b- 

r*- 

t^ 

b- 

1-    1- 

GO 

00 

CO 

00 

00 

00    00 

,_, 

© 

r-   © 

o 

o  © 

© 

© 

© 

© 

© 

©  © 

o 

CO 

iO 

CO 

© 

CM 

r-   cn 

OS 

© 

r- 

© 

© 

OO 

r-   t- 

© 

i>  © 

■* 

■* 

© 

OS 

© 

CD 

©   © 

© 

OS 

© 

© 

© 

© 

©   -** 

IO 

© 

© 

CM    © 

iO 

CM 

CM 

©     CM 

CM 

r- 

"^ 

CO    CO 

CO 

CO 

•^ 

^tl 

■^ 

t-h    OO 

o 

•* 

CM 

CO    00 

© 

iO 

iO    © 

"* 

iO 

CM 

r^ 

CO    CO 

CO 

CO 

CO 

CO 

CO 

"<*»   t~- 

CO 

© 

iO 

,_, 

-H 

t-    CO 

■* 

iO 

■^ 

'- 

iO 

© 

CM    CM 

© 

CM 

CM 

CO 

r-   I-- 

r*- 

© 

l> 

r- 

© 

CO 

00    CO 

iO 

© 

CO   ■** 

CO 

^ 

CM 

•Tj< 

^ 

.2  3> 

Q'J 

Q) 

u 

3    O. 

a 

.. 

* 

— 

2  2 

T3 

CM 

Q.   a* 

r- 

00 

CM 

CM 

M 

t*. 

Pm  Q 

CO 

a 

00    CD     -rT*  1 
©     CO     I- 

N     iO    CO   I 


CM 

CM    CN 

^H       -f 

t^. 

Tt<       © 

CO 

iO 

CO 

© 

I-- 

©  © 

CM 

CM 

CM    CO 

CO 

CO 

-*       -rP 

o 

o 

© 

O 

O 

©  © 

© 

© 

© 

© 

o 

o  o 

© 

OO 

■Tf 

r- 

OO 

CM 

OS 

CO 

CO 

CO 

CM 

f 

CO    CO 

© 

r-- 

M 

© 

CD 

J  - 

«o 

CM 

CM 

CN 

CO 

CO    CO 

© 

© 

© 

CO 

iO 

iO 

">*•     CO 

CO 

CM 

CM 

CM 

CM    CM 

© 

CO 

,_, 

© 

CD 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM    CM 

© 

iO 

o 

CO 

t^- 

CM 

■"t 

CO 

-»< 

CO    CO 

CM 

CM 

CM 

CM    CN 

© 

CM 

CM 

CN 

CM 

CM 

CM    CN 

E~- 

00 

OO 

OO 

00 

00    00 

r-i 

© 

00 

t^   1^- 

© 

© 

©  © 

C3 

o 

© 

© 

©  © 

© 

CM 

.- 

© 

CM 

-H    CM 

© 

t^ 

CM 

t- 

CO 

© 

© 

r- 

t>-    l^- 

© 

1-1 

©  r^ 

CO 

CO 

OS 

©     OS 

r^ 

t— 

©  © 

© 

© 

© 

©  © 

© 

^  © 

O 

© 

© 

IO    © 

h- 

CM    CO 

© 

© 

"*«    CM 

CO    CO 

CO 

CM 

Mi 

Tf    -^ 

t^-    CM 

O0 

CO 

i-t    iO 

CO 

© 

r-t    CM 

CO    CO 

CO 

CO 

CO 

CO    CO 

CO     i-H 

© 

CO 

CD     I> 

CO 

-r 

CO 

CO     CO 

O 

t-    r- 

CO 

<o    CO 

■* 

©   t- 

© 

©  © 

© 

t—  -^ 

"# 

iO    CM 

CO     © 

CM     !>■ 

CM    CO 

?' 

CO 

CM    CM 

iO     © 

00 

^ 

r_i 

CM     CD 

©  © 

©    CO 

t-H    CM 

o 

CM 

o 

©    i-i 

0  Pmo 


P. 

00 

"3 

Q. 

05 
Pi 

© 

— 

© 

CM 

CM 

CM 

CM 

iO 

o 

CO 

©    CM 

CM 

o 

as   © 

CD 

© 

© 

t-l 

© 

~ 

■H 

r-i    CM 

iO 

© 

© 

©    CM 

CO 

© 

-* 

CM 

©    © 

^H     CM 

1—1 

1—1 

1—1 

1—1 

CO 

CO 

ro 

CO 

CO    -^ 

■■   i 

O    © 

© 

© 

- 

© 

o   © 

© 

iO 

CO 

© 

O0 

"^      TjH 

CM 

CO    OO 

CO 

CM 

CM 

CN 

CM    CO 

© 

iO 

. 

©    © 

r& 

-.-. 

3 

CM 

CN 

CM 

CM    CO 

© 

o 

fH 

iO 

CO    <o 

CM 

CM 

CM    CM 

© 

CD 

©     CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM    CM 

O 

© 

r~ 

r~i     CD 

CO 

fM 

CO 

CO     CO 

CN 

CM 

CN 

CN 

CM     CM 

© 

©     © 

00 

' 

©    O 

CO 

CO 

CO 

© 

©    © 

1-1 

1-1 

rH 

1—1 

rH      r-l 

iO 

© 

CO    I>- 

O 

© 

© 

© 

©  © 

o 

© 

.- 

TfH       I- 

© 

© 

as 

©    lr- 

© 

CD 

r- 

CM 

©        i 

»o 

>*        i 

© 

© 

CO 

OO 

o 

©  m 

GO     -^ 

© 

© 

© 

© 

©     © 

© 

© 

© 

CM 

© 

iO    © 

r- 

CO 

00 

iO 

© 

£"-    CN 

CO 

CM 

CM 

CM 

CM     Tf 

CO 

b- 

■"* 

r-- 

io  r- 

»Q       TJ* 

r-i 

CO 

tu 

© 

CO    00 

CO 

CO 

CO 

CM 

CO     CM 

rP    ©■ 

iO 

t^ 

r^ 

CO 

■*   CO 

© 

© 

rn 

© 

CO 

-* 

CM 

©   © 

r—  io 

© 

CM 

© 

CM 

CM 

TjH 

*"* 

1—1 

1-1 

1-1 

i— i   i—i 

« 

© 

© 

iO 

©  © 

© 

r-l 

CM 

© 

M 

1-1 

f-t 

1-1 

i-i 

' 

*f* 

'  a 

Ph 

fl 

;  p. 

CD 

> 

d     ' 

. .  # 

O 

t>  ■* 

iO 

«  .s 

QJ      a> 

«  c 

fl 

CO 

a  a 

O*   3 

ij  © 

CM     g 

a 

ffl  ^ 

Ph 

£ 

.tl 

r>» 

0 

CQ 

W 

223 


«3«      O 

CO 

00  h- 

■2-S  csS 

Saps- 
H.S      w 

«      N       O 

~j 

r^- 

iC     0 

e  *°.  " 

0 

r~ 

00 

O    XI 

^=00 

O 

r 

(M 

CN    i-5 

CS. 

O 

=  ■§58  = 

"tic  s  - 

CO 

00    r- 

ic   ■*»< 

B    c    O) 

1^ 

C4 

c^ 

<M    M 

"3S 

,^" 

CO    CO 

0 

0 

c   0 

G)S 

-COO 

0 

O 

0 

0 

0  0 

Q 

'     u-   C   „ 

m 

0 

CO    O 

00 

:C    10 

-S  °*  w 

cn 

CN 

CO 

O   O  C  +a 

£E§23 

__  ;>> 

<*    ^H 

ir>   "5 

CO  £ 

rN 

0 

00    r- 

,2    CN     CN 

O     O 

CN 

CN 

<N 

OJ 

q 

.  c  <o 

5°-* 

7    "     - 

~   O  O 

c3 

e> 

O    (N 

<N 

uO 

3    !N     W 
C     O 

CN 

CN 

W 

^ 

q 

S 

a 

t- 

O0 

O0    CO 

a3 

CO     CM 

o 

,3  «   co 

c  0 

CO 

CN 

(M 

CN 

<M    (M 

!>> 

pq 

■3 
C 

3 

a     8 

OS 

O 

CO    •** 

Sfc-s 

b   CO    CN 

tM 
CN 

CO 

CO 

CN    CN 

0  0 

CD    CO 

O 

O 

O     O 

is 

C     QO     00 

00 

0 

O 

C>    Ci 

q 

.3 

u 
CD 

»  «c   ■* 

<N 

OS 

on 

r*. 

CC    10 

•o 

O    O 

500 

O 

0 

=: 

0 

O    O 

£ 

G) 

CS 

w 

s. 

CN     CN 

*5  ^  f~ 

00 

on 

—    CO 

o 
* 

of 

J 

Cs 

Ci 

t*- 

r-   co 

3 

H  - 

ci 

■3 

,  —  3  1. 

*=         !     CD 

O   0 

o 

,9     '  »o 

CC     00 

o2«x; 

o 

Pgp 

q   : 

3 

o 

3-g  s  s.S 

CN 

<N 

CO 

as 

ca    cs 

£  S  -"o-o 

o 

J 

<*  MC  SO 

0 

O 

5  = 

r- 

10   0 

b    —    Cs 

t^ 

0 

s  X    iO 

r» 

t*" 

«j 

CN 

O   r- 

C) 

^    CO 

,. 

5 

r- 

r» 

«00h 

CO 

00 

0 

Ci 

i-«    CN 

H 

CN 

C-J 

CO    CO 

G) 

ig.£2b 

*  ■*   h. 

CO 

.- 

iO 

00   00 

aSS 

■: 

CO 

CO 

CO 

CO     CO 

gg2=£ 

■"* 

" 

r- 

■~ 

■-H      — 

5  s  5  s^ 

"  C3X3  go 

Cj 

ec 

ec 

8 

C3 

^s   r~ 

C3 

C    ifl     C 

CD 

tu 

® 

.   — 

P-c 

H 

q 

O 

^_ 

0 

1-1   r* 

(5   CN     1-1 

C   ,-<    cn 

-«r    r— 

CO 

<M 

C 

G) 

0  3 

1-  0 

to   (O    N 

cr> 

U3 

-O     CO 

<T1 

^   <=>    <=> 

0 

O 

O 

^  ce 

Oo 

Ci 

Ifl 

0 

- 

Ph 

.- 

2 

"S  »'    I 

. .   * 

W 

• 

>     T     *C 

0 

v    cu 

a> 

.2     © 

a;    a> 

s  §  g 
§55 

a 

a 

3    C 
T1    « 

to  0 

CO    ^ 

3 

fa 

03 

m   eo 

«o   r~ 

CO     O 

10  0 

CO   •* 

O    Ci 

0  ^ 

CN    CO 

OC    w 

10   r^ 

CO     0 

iO    Ci 

CO    ^ 

O    Ci 

O     ^H 

O    O 

0  0 

O 

cn    r~ 

r-   co 

CO     ^s* 

CN     CO 

O 

10  to 

r-  0 

CN    CN 

CN     CN 

O 

to    — 

CO    cC 

O 

OS     IO 

CO    CO 

CO    CO 

0 

00   r— 

U3      Ti« 

<N    <N 

CN     CN 

CN    CN 

CN     CN 

O 

O     O 

00-00 

O     O 

O0     GO 

Ci    Ci 

CO    CO 

O     O 

0  0 

O 

00    — 

t-   r- 

r—  cn 

—    -*f 

00  r~ 

Ci     t^ 

O 

CN    O 

X1    i-O 
CO    00 

00   00 

O 

■^    CN 

CO     O 

CO    Ci 

t-  *a 

10  r~ 

CN     CN 

CN    CO 

CO    CO 

CO     OS 

CN     Ci 

O0    CD 

r-  co 

CN    CN 

CM    CN 

"V    -<*« 

CN     CN 

O 

CO    CO 
00   *<r 

t-,    CO 

10   10 

10    iC 

O 

■*}<    CN 

CO     00 

O     CN 

!>■    lO 

—     O 

1-1     *"* 

1—1    ri 

co    r^ 

00  r- 

0    X 

Ci    Ci 

0 

■      • 

iC        t 

C   "=> 

c3    •^ 
—     C 

V  »' 

fa     CS 

0  « 

^    fa 

a  £ 

a  •• 

to     O, 

>  £5 

0  > 

0  .2 

03      C 

a  s 

^ 

fa  Q 

03   K 

N     h     IC 

e* 

t-     I- 

CN    CN 

10    CO    *o 

00   ^ 

»o   i-l 

M    CO    V 

a§- 
sPg 

0 

CO    CO 

CO    CO 

M 

z 

be  , 
C  CO 
>>  w  0 

iC    «D 

N     H     IO 

CI     CO 

OS     OS 

CO     CN 
CN     |> 

»C    CO    10 

0-3    GO     O 

I-~       KJ1 

CO    O    ID 

can 

«  ci  0 

■^    lO 

f     ■* 

CN    CN 

1-  a  a 
0  0  m 

0 

CJT3 

r—   ■* 

O     O 

N    1<    W 

»C      r-4 

O    OS    t*« 

00   ^    OS 

0  0 

GO     »0 

O    CO    *o 

OS     OS 

OS    CO    CO 

0 

O 
CI 

O    O 

OO     CO 

CN    CN 

■*    rt<    if 

CO     CO 
GO     00 

3 
0 

eo^    N 

0  0 

.— 1      .-H       .— 1 

^2 

O    CO    CO 

CO    CO 

**  Tfl 

M"    ■*    M* 

0> 

3 

w 

C5 

0  0 

0  0 

0  0 

OOO 

CO   0   0 

CO 

n»    O     O 

0  0 

0  0 

0 

a  00  » 

00    00 

OO    CO 

CO    CO    CO 

o 

■{3 

£» 

c 

h3 

0 

=1 

as  os 

OS    os 

CO    CO    C* 

■*  ■* 

-*      Tfl 

OS    OS 

8»H    H 

CO    CO 

Ct) 

r—  t— 

GO    OO 

CO    CO     CO 
CN    CN    CN 

Q 

*o   1C 

W     N     © 

■rP    CO 

—1      I>- 

»o   a   f 

&5    C©     O 

CO    O 

•*      O 

ia   co  0 

a  re   co 

CN    CN 

as  as 

00    CO    CO 

CO    CO    CO 

0 

0 

X* 

Sf«  t. 

t—  0 

co    CO 

m  <* 

W    P5    CO 

— <  00 

CO    O* 

CO    CO 

OS     CO    CO 

o-,  r-   00 

GO     W) 

10  r- 

CO    00    OS 

3 

.2  ci  — 
■,55  c 
x  g  0 

CfJ    ^ 

00    CO    »o 

i>-  t- 

i>-   t~-   i-- 

-t) 

0 

=5 

OJ'-n 

Wfe<" 

13 

aii 

C  <o  O 

r-   to 

CN    CO 

OS     CO 

•C    M    00 

so  f^    °D 

O    GO 

CO    CN 

CO    O    O 

12  C  C3 

CO    t— 

CO    co 

CO    CO    00 

t-   t- 

r—  r- 

r-   r-   r^ 

a 

3  C3  — 

e  £  0 

O 

Q 

T3 

- 

CO   00 

CO     TJ1 

OOO 

OS     CO 

CM    00    CO 

s§ 

■C 

£ 

ij 

•^ 

•O  CO 

0  *o 

000 

—  § 

U3     t- 

■^    CO    CO 

co  o 

3X3 

CJ  **" 

£ 

03  CI 

^ 

\ 

it  :  : 

C       '       ' 

3    J    CN 

>   h  ci 

m      '  * 

..     5  *' 

cv    w    c/ 

co    C    C 
3  .2  £ 

S    C    C 
™     C3     c3 

>  a  c 

?    N    C 

^    gv    a>    0 
(   C8     Oc  'Pt   ft 

£."  Ph 

«(hP4 

^    ^    CO    CO 

£ 

>> 

A 

QQ 

M 

n  tN  CS 

OO  ■*  » 

O  CO  CO 

o  to  CO 


fi   10 

CN    CO 


N    N    tD 

CO     N    Tfi 

"O    CM    OS 

O    >-« 

O     CO    GO 

Tf    CN    H 

CO    i-l 

*-<    r^   0 

»0    CO    OS 
OS    CO    ■* 


O     OS     OS 

«0    CO    CN 
>o    CO    O 


CO    00    CO 


■*'*■*         00 

OOO  i-H    .-t 


OOO 


00    CO    00  CO    CO    CO 


CO 

CO 

CO 

r-    t^   t^ 

i^   ir- 
es   OS 

CN 

r>- 

CN 

r--   r-   t^. 

CN    CN    CN 

CN    CN 

.—  o  o 

O       O        -H 

H    t     ci 


CO  -^ 
CO  CO 
CO    CO 


CO    CO    cs 

Tf      t-H     CO 

CO    ^h    »o 


t-H     O 
O     OO 

i-M    CO 

0 

r-   co 

0  as 

00   co    -^ 
Tt-    CO    CN 

CO    i-*    ■* 

O    O 

0 

CO    CO 

lO    CO    CO 

CO 
CN 

0 

0 

OS 

CO 

gs 

CO 

CN 

»o 

CO 

CO 

CN 

00 

CN 

CO 

OS 

as 

CO 

00 

CO 

I- 

f  1     N  -*     -^     -rf. 

Tti    ^H  OOO 

00        1-t  1-1  ^H 


OOO 

s  s  s 


CN 

/■ 

CO 

r- 

CO 

CO 

as 

CO 

r- 

r~. 

CO 

t- 

CN 

CO 

»c 

CO 

0 

^f 

CO 

IC       ■*       T)i 


i—  t-  r- 


as  10  i-\ 


t-  t-  t-- 


o  o  <o 

CN    CO    t^ 


OOO 
CN    CO    CO 


CD 

OS 
CN 

OS 
CN 

CD 

CN 

S 

CN 

O 

O 

CN 

O 

O 

CN 

CN 

I*- 
CN 

S 

85 

8 

85 

CN 

iH 
CO 

CD 

CO 

0 

0 

CO 

^1 

CO 
CO 

10 
to 
10 

CD 

CO 

-ttl 

as 

CO 

CO 

-cf 

CN 

Tjl 

OS 

CO 

OS 
CO 

00 

CO 

CO 

CO 

00 
CO 

cn  as 

co  to  as 

CN    CD    »0 

O    N     O 

0    CO 

00  ■*  0 

CN     CN     CN 

r*.   t-   t- 

t-  r- 

t—    I>*     b- 

i-t    1-1  CN    CO    CN 


O    tO    O 
CN    OS*    CO 


C3     C3 


+j    ^    ^     o 


Cv 

0^ 

0) 

OJ 

ft 

ft 

ft 

- 

ft 

- 

CN 

CO 

Ttl 

— 

CO 

CO 

PU   CC 


C5     C3 
5    S 


fc  t;  3  j^  D.  C, 
a  Q  g  a  o  CN 
^1   10  i   co   «   ,-i 


260c 


-54- 


-10 


225 


t£^ 

CO 

r~ 

r- 

o 

ns 

OS 

o  r~- 

—   CM 

C  S  t. 

3 

o 

CM     CO 

OS      T*H 

a=* 

o 

,-i 

oi  on 

CO     CO 

2 

gag 

^■3 

.Hg._ 

00 

in 

*C 

O     CO 

co  m 

o 

on 

co 

O     CM 

>>S8 

<s  — ^ 

M  ^ 

aca 

t2  £  ° 

c    ■ 

o  o  m 

ffi^ 

1*3 

.-h  ^ 

i  - 

1^. 

co   " 

i^- 

CO 

cD    rp 

to   o 

*c3 

«  w 

,_, 

fN 

OS     OS 

CO    00 

CO 

CO 

r-   t^ 

f-   t-~ 

o 

r^ 

<3 

CO 

on 

to 

CM    CM 

•*#  ** 

3 

n* 

Tf      Tf 

oo   °° 

CO 

o  o 

a 

a  « 

CO 

CO 

T*     Tf 

rf     -^ 

o 

c 

tf 

C| 

3 

- 

0 

o  o 

o   o 

o 

*D     © 

a 

Z- 

o  o 

o  o 

© 

tr  a° 

on 

OP 

X     GO 

■X     X 

o 

5 

lO 

to 

,^ 

CM     CN 

CN    CM 

CM 

CN 

CM 

CO     CO 

r- 

o  o 

o  o 

" 

«    ^ 

r-1 

l„ 

CO     CO 
CM    CN 

CN 

CN 

CM    CN 

CM 

on 

t-    iO 

lO     OS 

1^ 

i-O     CM 

«o    ^ 

:n 

CO 

iC    ■*- 

iC    -^ 

CN 

r« 

OS     OS 

CO     CO 

™ 

■^ 

■^ 

CO    CO 

CO     CO 

(5 

•d 

c£?    . 

r^ 

,_ 

m   o 

si 

» 

*#     — 

1>.     CO 

= 

;g-».a 

^  —1 

r-j 

-H      r-< 

3  Si; 

Si  ^ 

<■"- 

t-~    l- 

t-     1^ 

■a 

gsc 

c; 

,-v 

Wo  53 

o 

3 

•C 

c 
c 

t- 

t* 

r- 

.— 1        I-- 

io   »o 

l*- 

C  m  c 

co   W 

CO 

CO 

Tf      00 

r-   ^h 

IP 

w    —    — 

J  Ft 

r^ 

t- 

r-   r- 

o 

u 

o 

o 

IO 

■r     CM 

CN    OS 

CM     O 

55 

^     ~ 

rH 

1-1     ^ 

§ 

<D   Vi 

>1 

13  tn 

0 

n 

^ 

CO    CN 

CJJ    CN 

■gg 

3£ 

e 

o 

"O  . 

W  C 

s 

c  J 

CO 
C 

s 

c 

o 

*- 

g    CN 

CO 

o 

m    m    w 

-      M      « 

"o    g 

CJ      EG      CO 

.Si    3    o 

c3 

^     f     iC 

3  a  a 

£     ©     CN 

5 

P4 

CO. 

K 

on   «-o 
r,   o 

C2    -^ 


CO    cC 
-^-     CN 

O    O 


on 
t— 

CO 

CO 

CO 

»o 
o 

00 

00 

CO 

•^1 

CO 

CO 

OS 

CO 

CO 

o 

o 

CO 

00 

oo 

,_ 

«* 

CN 

CO 

rn 

CO 

CN 

CO 

lO 

lO 

r^ 

«3 

lO 

CO 

CN 

OS 

OS 

00 

OO 

00 

^ 

-. 

-* 

"T* 

-# 

1^ 

OO 

o 

o 

o  o 
o  o 
o  o 


o  o 

o  o 
o  o 


OS    OS 
CO    CO' 
CO    CO 

CO     CO 

o  o 

CC     ^c     EO 

o  o  o 

t^   r^ 

00    X 

O0    X    X 

,_ 

1^ 

CM 

OS 

CO 

CO 

TJH 

Tf 

"O 

-* 

CO 

on 

.- 

ro 

CM 

o 

TfH 

X 

as 

■rt* 

\r> 

-O 

o 

^ 

i^ 

t^ 

C?s 

CO 

CM 

*n 

cC 

CN 

o 

OS 

»c 

r- 

© 

CM 

O 

OS 

Tfl 

O    co 

O    CO 

o  r-  o 

CN    OS 

ri    OS 

CM     X     X 

r~4    o    co  ■— < 

O,    s-    J-    3    D 

^    N    CO   ,i    f    C 


pop 

a  & 


Efi 


—  I-  OS 
tt-  — i  o 
OS     I-    CO 


CO 

^ 

CN 

o 

CN 

OS 

CN 

CO 

t*- 

1-1 

CO 

1-1 

OS 

*"* 

CN 

i-H    T-t  00    OS    OS 


rq 

T- 

CO 

r^ 

CN 

CM 

tf 

© 

iO 

^ 

CO 

*° 

r- 

CO 

X 
CO 

X 

CO 
00 

CN 

o 

CN 

o 

r 

~ 

O 

CO 

CO 

-# 

■<*• 

^ 

■*F 

■* 

X    GO    X 


OS 

OS 

— 

- 
o 

o 
o 

o 
o 

p 

o 

CM 

CN 

CO 

CO 
CN 

00 
CM 

00 

on 

CM 

CN 

^ 

lO 

ff 

OS 

t- 

■^* 

»o 

■* 

lO 

iC 

■* 

CO 

■* 

fN 

CO 

^ 

o 

CO   -^ 

1*3 

CO 

OS 

CO 

CO 

o 

CD 

OS 

CO 
OO 

w 

OS 

OS 

os 

00 

OS 

GO 

CO 

OS 

OS 

OS 

o  o 

O    CO 

O    OS    o 

CM     O 

CN    Cs 

CN    O    O 

o  o 

O    rr 
CN     CI 


■3    ^    flj 


5    CO    H 


G  S 


-r         co  co         -*   ©  cr- 


—         '  ^  « 


M   -r   a 


©     OS      30 

r-    t--   r~ 


00    00 

So"  $ 


©  o  o 

o  o  o 

o  ©  o 

00  00  oc 


i^  r-  i- 


©     —     iC 
»C    *3*    "O 

©'    os   x 


©   ^    © 

CO    od   oi 


/     / 

00     GO 


©     CN 


iO    © 

1-3   os 


i " MM Q  ^  a  2 

£  5  02  W 


O    CO     O 


— '  — '         d  oo  oi 


© 

Ol 

-^ 

OS 

OS 

© 

© 
© 

V 

OS 

CO 

-»f 

-*< 

iO 

*- 

1-* 

OS 

OS 

os 

OS 

"■* 

00 

CO 

tO 

CO 

CM 

CO 

© 

iC 

•* 

© 

'■- 

iO 

GO    X     X 


X    X    © 

3SS 


CN    CN  -f     "f     f 

XX        ©  ©  © 


CO     CO     CO 


o   © 

©  © 

o   © 


o   © 

o   © 
©  © 


XXX 


OS 

OS 
1-- 

OS 

© 
00 

© 

© 

X 

© 

© 
00 

OS 

c 

X 

OS 

© 
X 

cm 

CM 

CM 

cm 

1^ 

CM 

CN 

CN 

1^- 

(N 

I-     -^     CO 

t^.       ©       Tt< 

CM     CN     CO 


OS 

- 

00 

© 

o 

OS 

00 

© 

:  i 

CO 

o 

X 
CN 
OS 

© 

© 

i~ 

© 

© 

© 

© 

X 

© 

CO 

© 

CO 

CN 

X 
CN 

X 

© 

as 

OS 

© 

CO 

- 

X 
CN 

r^ 

X 

00 

© 

CO 

© 

© 

© 
© 

© 

© 

©   o   © 

CN    ©"    ©' 


©    ©    © 
CN     ©    © 


a  a  a  3  a  a  a 


a  5 


to 

O 
H 

^ 

CN 

CO 

CO 

CN 

© 

CO 

X 

CO 

CO  CN  CO  © 

-3"  CN  X  © 

iO  ©  r-<  CN 

IO  *^'  CN  © 


X     -^    ©     © 
CO     «C     iO    CO 

©  cn   -*r   >o 


O     X     CN     vf 

X     CO     "*■     © 


o  ©  ©  © 

©  ©  ©  © 

©  ©  ©  © 

X  X  X  X 


-<        ~H       ©       © 

■<#     Tf    X    X 

©    ©    X    X 


iO  OS  ©  OS 
©  CN  I-  CO 
■*f     CO     CN     CO 


IO  ©  ©  © 

©  cn  r^  co 

■*  CO  CN  CO 

t^  1^  1^  CO 

©  ©  ©  ©  . 


©   ©   o   © 

CN    CN    CN    CN 


-V       T       Tt<       -# 


5  «  &  E 
fi  S  IB  w 


227 


VII.  GENERAL  ECONOMIC  EFFECTS 
OF  DIFFERENT  TYPES  OF  COT- 
TONSEED OIL    MILL    INDUSTRIES 

This  chapter  is  concerned  with  the  final  query 
of  this  study:  How  would  industrywide  change 
in  type  of  oil  mill  affect  (1)  the  supply,  (2)  the 
price  of  cottonseed  oil,  and  (3)  the  returns  to 
growers? 

EFFECT  OF  CHANGE  IN  TYPE  OF  COTTON- 
SEED OIL  MILL  INDUSTRY  ON  TOTAL 
SUPPLY  AND  PRICE  OF  COTTONSEED 
OIL 

As  previously  stated,  change  in  type  of  mdl 
would  leave  the  supply  of  meal  and  linters  the 
same  as  before.  It  would  reduce  the  supply  of 
hulls  somewhat,  but  not  enough  to  have  any 
appreciable  effect  on  the  price  of  hulls.  How, 
then,  would  oil  supply  from  given  seed  be  affected 
by  an  industrywide  change  in  type  of  mill? 

In  handling  this  question,  calculations  were 
based  on  the  average  cottonseed  oil  production  of 


323  pounds  per  ton  of  seed  in  the  crop  year 
1949-50  (10).  In  that  crop  year,  most  of  the  seed 
was  handled  by  the  hydraulic  process. 

The  normal  operating  rate  of  hydraulic  mills  is 
10  tons  per  press  per  24  hours.  (Table  3.)  For 
this  reason,  it  was  assumed  that  323  pounds  of  oil 
per  ton  of  seed  was  approximately  equivalent  to  the 
outturn  of  a  completely  hydraulic  industry  oper- 
ating at  10  tons  of  seed  per  press  per  24  hour? 
on  1949-50  quality  seed. 

On  the  assumption  that  all  processes  were  oper- 
ating at  their  normal  rates,  table  104  shows  that 
shifting  from  the  hydraulic  to  the  screw-press 
industry  would  increase  cottonseed  oil  supply  by 
approximately  2.1  percent  as  compared  with  an 
increase  of  nearly  9  percent  and  10.8  percent  by  a 
shift  to  the  direct-solvent  and  prepress-solvent 
processes,  respectively.18  The  same  table  shows 
the  importance  of  specifying  the  rate  at  which  the 
hydraulic  industry  was  presumed  to  operate  in 
calculating  the  effect  on  od  supply  of  a  shift  to 
other  types  of  oil  mill  industries.     For  example, 


13  This  was  based  on  the  1949-50  January  stocks  on 
hand  as  well  as  the  differences  in  oil  outturns  per  ton  of 
seed  by  various  types  of  mills. 


Table  104. — Calculated  effects  of  industrywide  change  in  types  and  operating  rates  of  cottonseed  oil  mills 
on  oil  recovery  per  ton  of  seed,  and  on  cottonseed  oil  supply  and  price,  1949-50 


Type  of  mill  and  operating  rate 


Oil  recovery  per 
ton  of  seed 


Total  » 


Increase2 


Cottonseed  oil  sup- 
ply from  given 
seed 


Total 3 


Increase2 


Supply  of  fats  and 
oils,  excluding  but- 
ter and  lard  used 
in  food  products 


Per  cap- 
ita4 


Increase 


Price  of 

cotton- 
seed oil 

per 
pound  5 


Change 
in  price 

of 
cotton- 
seed oil 2 


Hydraulic: 

8  tons  per  press  per  24  hours  (minimum) 
10  tons  per  press  per  24  hours  (normal) . 

12  tons  per  press  per  24  hours 

14  tons  per  press  per  24  hours  (maxi- 
mum)   

Screw  press: 

20  tons  per  press  per  24  hours  (mini- 
mum)   

25  tons  per  press  per  24  hours  (normal) 

30  tons  per  press  per  24  hours 

35  tons  per  press  per  24  hours  (maxi- 
mum)   

Direct  solvent: 

Minimum 

Normal 

Maximum 

Prepress  solvent: 

Minimum 

Normal 

Maximum 


Pounds 
325.  1 
323.0 
321.  2 

319.0 


335.2 
331.  2 
327.  2 

323.2 

360.  2 
358.  2 
356.  2 

366.  2 
365.  2 
364.  2 


Percent 
0.6 
0 
-.  6 

-1.  2 


3.  8 
2.5 
1.  3 


11.  5 
10.  9 
10.  3 

13.  4 
13.  1 

12.  8 


Million 

pounds 

2,  316 

2,  303 

2,293 

2,  280 


2,375 
2,  351 

2,  328 

2,  305 

2,  522 
2,  510 

2,498 

2,  557 
2,  551 
2,  545 


Percent 
0.  6 
0 
-.4 

-1.  0 


3.  1 

2.  1 
1.  1 


9.5 
9.0 

8.  5 

11.0 
10.  8 
10.  5 


Pounds 
30.  51 
30.  42 
30.  36 

30.  27 


30.  90 
30.  74 
30.  59 

30.  43 

31.  87 
31.  79 

31.  71 

32.  10 

32.  06 
32.  02 


Percent 
0.3 
0 
-.  2 

-.  5 


1.  6 

1.  1 

.  6 

0 

4.  8 
4.  5 

4.  2 

5.  5 
5.  4 
5.  3 


Cents 
11.  61 
11.  67 
11.  71 

11.  77 


11.  35 
11.  46 
11.  55 

11.  66 

10.  74 
10.  79 
10.  84 

10.  60 
10.  63 
10.  65 


Percent 
-0.  5 
0 

+  .4 

+  .9 


2.  7 
-1.  8 
•1.0 


-7.9 
-7.6 
-7.  1 

-9.  1 

-8.  9 


1  Oil  recovery  of  323  pounds  reported  by  U.  S.  Census  as 
the  actual  yield  and  assumed  to  be  equivalent  to  yield  of  a 
complete  hydraulic  industry  operating  at  10  tons  per  press 
per  24  hours.  Yields  for  other  mills  computed  on  basis  of 
oil  gains  for  different  processes  and  rates  as  shown  in 
table  7. 

2  Base  =  hydraulic  mill  operating  at  10  tons  per  press  per 
24  hours. 

3  Calculated  on  basis  of  5,868  tons  of  cottonseed  sold  to 
mills  times  corresponding  oil  recovery  per  ton  of  seed  plus 
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408  million  pounds  of  cottonseed  oil  in  stocks  at  factories 
and  warehouses,  Jan.  1,  1950. 

4  Calculated  on  basis  of  cottonseed  oil  supply  per  person 
for  151.3  million  persons  plus  15.2  pounds  of  other  edible 
oils,  excluding  butter  and  lard,  per  person. 

5  Based  on  1949-50  average  price  of  11.67  cents  per 
pound  assumed  as  received  by  hydraulic  industry  operating 
at  normal  rate  and  adjusted  for  other  rates  and  processes 
by  use  of  demand-price  relationships  for  cottonseed  oil 
developed  by  Bureau  of  Agricultural  Economics. 


a  shift  from  a  hydraulic  industry,  operating  at 
its  normal  rate  (10  tons  per  press  per  24  hours), 
to  a  screw-press  industry  operating  at  its  maxi- 
mum rate  (35  tons  per  press  per  24  hours)  would 
have  virtually  no  effect  on  total  cottonseed  oil 
supply.  However,  the  oil  supply  would  be  in- 
creased by  nearly  3.1  percent  if  the  shift  were 
made  to  a  screw-press  industry  operating  at  its 
minimum  rate  (20  tons  per  press  per  24  hours). 

The  variability  of  oil  recovery  at  different 
operating  rates  is  much  greater  for  either  the 
hydraulic  or  screw-press  processes  than  for  either 
of  the  solvent  processes.  For  example,  the  mini- 
mum hydraulic  rate  recovers  more  than  6  pounds 
more  oil  per  ton  of  seed  than  the  maximum  rate, 
and  a  similar  difference  between  the  minimum 
and  maximum  screw  press  rates  is  12  pounds. 
On  the  other  hand,  the  oil  recovery  at  the  mini- 
mum operating  rate  of  the  prepress-solvent 
process  was  estimated  as  only  2  more  pounds  per 
ton  of  seed  than  at  its  maximum  rate.  The  same 
principle  applies  to  a  less  extent  to  the  direct- 
solvent  process. 

The  effects  of  the  increased  supply  of  cotton- 
seed oil,  arising  from  different  types  of  milling 
industries,  on  the  price  of  oil  are  shown  in  table 
104.  These  effects  were  calculated  by  means  of 
formulas  developed  by  the  Bureau  of  Agricultural 
Economics  on  the  supply-demand  relationship  for 
cottonseed  oil.  The  selected  market  factors  used 
in  connection  with  this  relationship  are  shown  in 
table  105. 

The  statistical  analysis,  carried  out  by  the  Bu- 
reau of  Agricultural  Economics,  yielded  the  fol- 
lowing equations  for  the  supply-demand  relation- 
ship on  the  price  of  oil,  where  all  variables  are 
expressed  in  logarithms: 

Xx  =  1. 37  - 1. 57  AT2-l.llAr3  +  1.37X4 
A;  = -0.94+ 1.14  A, 


In  the  equations: 

A"  =  Price  of  cottonseed  oil  per  pound,  crude, 

tanks,  f .  o.  b.  Southeast  mills  (cents) 
A'i  =  Wholesale  price  of  edible  fats  and  oils, 
excluding  butter  and  lard,  at  leading 
markets,    index    numbers    (1947-49  = 
100) 
'  A"2  =  Supply  of  fats  and  oils  used  in  food  prod- 
ucts,  excluding  butter  and   lard,   per 
capita  (pounds).     The  separate  items 
used   in   computing  this  variable   are 
shown  in  table  105. 
A"3  =  Supply  of  lard  per  capita  (pounds) 
X4= Personal   disposable   income   per   capita 
(dollars) 

In  calculating  the  effect  on  price  of  an  increase 
in  the  supply  of  cottonseed  oil,  all  variables  in  the 
first  equation  were  kept  constant  at  values  shown 
in  table  105,  except  that  the  supply  of  cottonseed 
oil  per  capita  (which  is  a  part  of  Ar2)  was  recalcu- 
lated for  different  yields  per  ton  of  cottonseed 
crushed.19  The  use  of  these  equations  and  selected 
market  factors  in  table  105  gave  an  estimated 
cottonseed  oil  price  of  17.2  cents  per  pound  in 
M)49-50.  This  price  was  substantially  higher  than 
the  actual  price  of  1 1 .7  cents  because  of  the  marked 
influence  of  factors  other  than  those  included  in 
the  analysis  in  that  particular  year.  However, 
the  percentage  decreases  in  the  value  of  oil,  arising 
from  the  similar  percentage  increases  in  supply, 
may  be  assumed  to  be  the  same  at  either  of  these 
oil  prices.  The  effects  on  price  of  increased  sup- 
plies of  oil,  arising  from  the  change  in  type  and 
operating  rates  of  oil  mills,  under  1949-50  actual 

19  Cottonseed  oil  per  capita  equaled: 

Cottonseed  sold  to  mills X  yield  per  ton  of  cotton- 
seed crushed  +  stocks  at  factories  and  warehouses 
Total  population  July  1 


Table  105. — Selected  market  factors  used  in  connection    with   supply-demand    relationship    of   cottonseed 

oil,  1949-50 


Market  factor 

Unit 

Amount 

Cottonseed  oil: 

Yield  per  ton  of  cottonseed  crushed  ' 

Pound 
Million  pounds 

1,000  tons 

323 

Stocks  at  factories  and  warehouses  2 
Cottonseed: 

Production,  less'  quantity  used  for  planting  '_ 

408 
6,  280 

Sold  to  mills  ' 

__do__ 

5,  868 

Supply  per  person: 

Lard 3                                                     _______                                      _ 

Pound 
_do 

17. 

Other  fats  and  oils  used  in  food,  excluding  butter — 
Cottonseed  oil 

13. 

Other  than  cottonseed  oil 

___do__ 

15. 

Total  other3 

29. 

Disposable  income  per  person  3  _      _      _    _ 
Total  population  * 

Dollar 

Million 

1,237 
151. 

1  Year  beginning  August. 

2  Jan.  1,  1950. 


3  Calendar  year  1949. 

4  July  1,  1949. 


Source:  Data  provided  by  Bureau  of  Agricultural 
Economics. 
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oil  prices,  are  shown  in  table  104.  If  oil  prices 
had  been  higher,  in  1949-50,  the  effect  of  changes 
in  type  of  oil  mill  processes  on  oil  supplies  would 
have  resulted  in  a  larger  decrease  in  terms  of  cents 
per  pound  of  oil. 


EFFECT  OF  CHANGE  IN  TYPE  OF  COTTON- 
SEED OIL  MILL  INDUSTRY  ON  RETURNS 
TO  FARMERS 


To  determine  how  industrywide  change  in.  types 
of  mills  may  affect  the  value  of  cottonseed  sold  by 
farmers  requires  comparison  of  the  costs  and 
revenue  of  the  marginal  mill  (or  mills)  of  the 
current  industry  with  those  of  marginal  mills 
under   assumed    alternative   industry   conditions. 

The  term  "marginal  mill"  is  here  used  to  signify 
the  smallest  mill  whose  total  cost  (including  depre- 
ciation, interest,  taxes,  and  insurance  on  invest- 
ment) must  be  met  in  order  to  induce  the  industry 
to  maintain  a  given  flow  of  product. 

In  this  sens?,  the  marginal  mill  is  not  necessarily 
the  highest  cost  mill  in  the  industry.  Because  of 
differences  in  operating  conditions,  such  as  man- 
agerial ability,  seed  supplies,  meal  and  hull  mar- 
kets, and  state  of  equipment,  there  are  usually  a 
substantial  number  of  other  mills,  either  smaller  or 
larger,  which  are  always  making  some  contribution 
to  any  given  output  by  the  industry  as  a  whole  but 
whose  cost  does  not  need  to  be  fully  covered  in 
order  to  induce  the  industry  to  maintain  a  given 
level  of  output.  Such  mills  may  be  disregarded 
in  calculating  the  smallest  mill  (or  mills)  of  a  given 
type  for  which  seed  prices  must  be  low  enough  to 
enable  it  to  meet  its  total  cost.  They  are  dis- 
regarded in  the  definition  of  the  "marginal  mill" 
as  given  above.  It  is  generally  recognized  that, 
under  stable  long-run  competitive  conditions,  the 
price  of  cottonseed  must  be  low  enough  to  enable 
the  total  value  of  products  per  ton  of  seed  to  cover 
the  cost  of  the  industry's  marginal  mill  (or  mills) 
as  just  defined. 

If  there  were  no  technological  advance  and  no 
change  in  the  ratio  of  prices  paid  to  prices  received, 
such  a  mill  (or  mills)  would  continue  indefinitely, 
barely  meeting  its  total  costs  because  it  is  too  big 
or  efficient  to  make  any  less  and  too  small  or 
inefficient  to  make  any  more.  But  such  "ifs"  do 
not  prevail  under  conditions  of  stable  competition 
and  technological  advance  because  these  forces  are 
always  changing  the  nature  of  an  industry's 
marginal  plant  by  forcing  it  to  operate  within  an 
ever-narrowing  spread  between  costs  and  revenue 
in  order  to  stav  in  business. 


MARGINAL  MILL  OF  CURRENT  INDUSTRY 

•  Ideally,  the  most  desirable  method  of  finding 
the  marginal  mill  of  the  current  cottonseed  indus- 
try would  consist  in  obtaining  all  costs  and  returns 
of  individual  mills  and  from  them  determining  the 
average  relationship  between  size  of  mill  and  cost 
per  ton  of  seed,  on  the  one  hand,  and  returns  per 
ton  of  seed,  on  the  other.  The  point  at  which  the 
lines  representing  these  relationships  intersect 
would  represent  the  marginal  mill  as  just  defined. 
This  method  is  impractical,  however,  because  it  is 
not  possible  to  obtain  the  necessary  sample. 
Therefore,  recourse  had  to  be  made  to  other 
methods.  The  one  used  was  based  on  information 
already  set  forth  in  this  publication. 

An  examination  of  the  six  small  mill  areas, 
previously  mentioned,  showed  that  the  marginal- 
size  mill  varied  appreciably  among  broad  regions 
because  of  changes  in  important  cost  rates,  seed 
density,  size  of  local  meal  and  hull  markets,  and 
both  local  and  wholesale  meal  prices  as  well  as 
hull  prices.  These  factors  for  14  widely  scattered 
mill  areas  in  the  Southeast  showed  that  the  mar- 
ginal-size mill  in  mill  area  I  (southeastern  North 
Carolina)  would  be  somewhat  larger  than  in  the 
other  southeastern  localities,  but  the  difference 
would  not  be  substantial.  The  amount  of  the 
local  meal  and  hull  market  and  the  level  of  meal 
and  hull  prices  were  the  only  factors  which  varied 
enough  among  southeastern  mill  areas  to  have 
any  appreciable  bearing  on  the  size  of  the  marginal 
mill.  Meal  and  hull  returns  in  mill  area  I  were 
among  the  highest  in  the  Southeast.  (This  may 
be  calculated  by  use  of  data  in  table  5.)  All 
southeastern  mill  areas  had  approximately  the 
same  waa;e  rates  and  seed  costs  f.  o.  b.  gins.  In 
some  mill  areas  seed  haul,  costs  would  be  some- 
what lower  than  in  area  I  (owing  to  difference  in 
the  density  of  seed  production)  but  not  enough  to 
make  any  appreciable  difference  in  the  size  of  the 
marginal  mill.  The  same  principle  applies  to 
electric  power. 

The  same  kind  of  variation  was  present  in  the 
regions  (North  and  South  Delta,  Texas,  Okla- 
homa, and  the  Far  West)  surrounding  each  of  the 
other  five  small  mill  localities.  The  marginal- 
size  mill  was  appreciably  larger  in  the  Southeast 
than  in  the  Delta,  Texas,  and  Oklahoma  regions, 
but  it  was  substantially  smaller  in  the  Southeast 
than  in  the  Far  West.  The  smallest  mills  in  the 
industry  were  highly  concentrated  in  the  South- 
east. 

Therefore,  it  was  assumed  that  the  size  of  the 
marginal  mill,  as  determined  by  the  cost-price 
(1949-50)  relationships  in  mill  area  I  of  south- 
eastern North  Carolina,  would  be  about  the  same 
as  that  which  might  be  calculated  by  means  of  a 
probability  sample  of  the  industry,  if  such  a 
sample  were  obtainable. 
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Using,  then,  the  cost-price  relationships  in  this 
area,  the  marginal  mill  of  the  present  (1949-50) 
industry  was  approximated  by  reducing  the  size 
of  crush  of  10,600  tons  for  the  4-  and  6-press 
hydraulic  mills  to  the  point  where  the  total  value 
of  products  per  ton  of  seed  in  each  case  was  equal 
to  total  cost,  including  depreciation  and  interest 
on  capital  investment  in  a  new  mill.  It  turned 
out,  as  shown  in  table  106,  that  the  marginal  mill 
was  the  4-press  mill,  having  an  annual  crush  of 
6,000  tons  and  operating  for  nearly  a  7-month 
season  at  the  normal  rate  of  10  tons  per  press  per 
24  hours.20  Depreciation  and  interest  on  this 
plant  was  calculated  at  $47,200.  Were  this 
written  off  as  it  is  in  case  of  many  actual  mills, 
an  operator  would  find  it  profitable  to  handle 
crushes  much  smaller  than  6,000  tons,  as  such 
plant  costs  are  the  principal  ones  which  increase 
per  ton  of  seed  as  the  annual  crush  becomes 
smaller. 

Persons  familiar  with  mill  operations  through- 
out the  Cotton  Belt  were  then  asked,  How  big  an 
operation  would  be  required  to  meet  all  costs  year 
in  and  year  out?  The  replies  were  surprisingly 
close  to  the  calculated  figure  of  6,000  tons  for  a 
6-press  hydraulic  mill.  In  the  past,  mills  crushing 
appreciably  less  than  this  figure  have  continued 
to  stay  in  business  but  Kromer  and  Smith  (5,  p.  6) 
found  a  steady  decline  in  the  number  of  small 
mills  from  1926  through  1949,  indicating  that 
they  are  on  the  way  out. 

ALTERNATIVE  TYPE  INDUSTRIES 

The  next  step  in  getting  an  idea  of  the  extent 
to  which  returns  to  farmers  may  be  affected  by 
industrywide  shifts  in  type  of  mill  consists  in 
constructing  alternative  type  industries  and  com- 
paring their  marginal  mill  costs  and  revenues  with 
those  of  the  current  industry. 

Four  alternative  industries  were  constructed: 
Hydraulic;  screw-press;  direct-solvent;  and  pre- 
press-solvent. Three  steps  were  involved  in  these 
constructions. 

First,  it  was  assumed  that  both  the  present 
industry  and  each  of  the  alternative  industries 
would  handle  a  total  crush  of  approximately 
5  million  tons  of  seed,  this  being  the  average  from 
1948  through  1951  (11). 

Second,  each  alternative  industry  was  made  to 
correspond  as  nearly  as  possible  to  the  present 
industry.  (Exact  correspondence  was  not  pos- 
sible, as  the  sizes  of  mills  available  for  each 
alternative  industry  were  not  the  same  as  those 
in  the  present  industry.  For  example,  the  alter- 
native hydraulic  industry  did  not  include  any 
14-press  mills,  whereas  the  present  industry  does.) 
As  shown  in  figure  86  and  table  107,  this  corre- 
spondence was  accomplished  by  distributing  the 
total  crop  of  5  million  tons  of  seed  among  the 
different  sizes  of  mills  (used  in  this  study)  in  each 

20  A  larger  crush  was  required  to  enable  the  six-press 
hydraulic  mill  to  meet  all  its  costs  because  of  its  higher 
capital  requirements. 


Figure    86. — Frequency    distribution    of    cottonseed    oil 
mills,  by  annual  crush,  United  States,  1950. 

alternative  industry  in  approximately  the  same 
proportions  as  in  the  present  industry.  For 
example,  in  both  the  present  and  each" alternative 
industry,  10  percent  of  the  total  seed  crop  is 
handled  by  mills  crushing  10,600  tons  or  less. 
The  same  principle  applied  to  each  of  the  other 
crushes. 

Third,  the  least  efficient  (marginal)  mill  in  each 
of  the  assumed  industries  was  considered  as  having 
a  10,600-ton  crush.  Having  the  same  crush  for 
the  marginal  mill  in  each  assumed  industry  is 
necessary  in  order  to  compare  the  effects  of  change 
in  mere  types  of  mills  on  the  value  of  seed  sold  by 
growers. 

But  alternative  industries  might  have  been 
constructed  for  analysis  purposes  with  either  a 
smaller  or  a  larger  size  (10,600  tons)  marginal 
mill.  Why  was  not  a  smaller  size  selected; 
especially  in  view  of  the  fact  that,  in  terms  of  new 
mills,  a  larger  crush  is  required  b}'  the  hydraulic 
process  to  enable  an  operator  to  break  even  than 
for  any  other  type  of  process,  as  shown  in  table 

Table  107. — Calculated  distribution  of  total  cotton- 
seed crush,  by  size  of  mill 1 


Size  of  mill  (tons  crushed  at  normal  rate) 


10,600 

13,200--- 

21,100 

26,400 

42,200 

52,800  2 

63,400  2 

79,200  2  ._-. 
105,600  2___. 

Total 


Proportion  of 
total  crush 


Percent 

10.  0 

13.8 

19.  7 

15.3 

8.2 

13.  6 

6.  2 

6.4 

6.  8 


100.0 


1  Based  on  1949  and  1950  seasons. 

2  Minor  adjustments  in  proportions  of  total  crush  (figure 
86)  were  made  to  take  account  of  known'  changes  since 
1950. 
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106?  The  answer  is  that  net  revenues,  as  shown 
in  tables  98  through  103,  were  not  regarded  as 
warranting  the  construction  of  a  new  mill  of  any 
type  if  less  than  approximately  10,000  tons  of 
seed  were  available.  It  would  probably  be  more 
economical  to  assemble  a  mill  through  the  pur- 
chase of  second-hand  hydraulic  or  screw  presses. 
Alternative  industries  with  marginal  mills  of 
more  than  10,600-ton  crush  were  not  assumed,  as 
such  a  radical  increase  in  the  size  of  the  smallest 
mills  is  unlikely  in  the  foreseeable  future.  At  the 
same  time,  it  is  recognized  that  if  no  more  than 
10,600  tons  of  seed  were  available  to  an  operator 
he  would  probably  do  well  to  buy  up  second-hand 
screw  presses  instead  of  investing  in  a  new  mill  of 
any  type.  His  investment  would  be  much  less 
and  therefore  his  net  revenue  would  be  as  much 
or  more  from  his  "second-hand"  mill  as  from  a  new 
(10,600-ton)  prepress-solvent  mill. 

MARGINAL  MILL  COSTS  AND  REVENUES  OF  THE 
PRESENT  AND  ALTERNATIVE  INDUSTRIES  AND 
THEIR  EFFECT  ON  FARMER-RETURNS 

Two  assumptions  were  used  in  comparing  the 
effects  on  farmer-returns  of  the  revenues  and 
costs  of  the  marginal  mill  (or  mills)  of  the  current 
industry  with  those  of  the  alternative  industries. 

(1)  It  was  assumed  that  both  the  present  industry 
and  each  alternative  industry  are  subject  to  stable 
competitive  conditions.21  (2)  The  same  selling 
prices  of  product  were  assumed  for  both  the  pres- 
ent industry  and  each  alternative  industry  except 
insofar  as  the  shift  to  the  higher-oil-yielding  types 
of  mills  lowered  the  price  of  oil  by  increasing  its 
supply. 

As  the  annual  crush  of  marginal  mills  in  the 
current  industry  was  only  6,000  tons  of  seed,  as 
compared  with  10,600  tons  in  each  of  the  alterna- 
tive industries,  farmer-returns  would  be  affected 
by  change  in  (1)  size  of  marginal  mill  as  well  as 

(2)  the  type  of  marginal  mill.  The  size  factor  may 
be  isolated,  as  shown  in  table  108,  by  comparing 
the  costs  and  revenue  of  the  marginal  mill  of  the 
present  industry  with  that  of  the  alternative 
hydraulic  industry,  which  made  available  to 
growers  $3.85  more  per  ton  of  seed. 

The  larger  marginal  hydraulic  mill  received  a 
slightly  lower  (68  cents)  total  value  of  product  per 
ton  of  seed  because  it  was  necessary  to  sell  a 
larger  proportion  of  its  meal  and  hulls  wholesale 
instead  of  locally.  But,  because  of  the  superior 
efficiency  of  larger-scale  operations,  its  total  cost 
($23.73"  per  ton  of  seed),  exclusive  of  seed,  was 
$4.53  less  than  that  ($28.26)  of  the  smaller  mar- 
ginal mill.  As  its  total  revenue  was  68  cents  less 
than  that  of  the  smaller  mill,  an  additional  $3.85 
showed  up  as.  increased  price  of  seed  and  was  so 

21  Although  each  alternative  industry  included  approxi- 
mately 225  mills  as  compared  with  approximately  325 
active  mills  in  the  present  industry,  there  was  no  certainty 
that  this  small  number  of  total  mills  would  do  away  with 
stable  competitive  conditions.  If  it  did,  there  is  no  way 
of  knowing  how  change  in  type  of  mills  might  affect 
returns  to  farmers. 


■Si, 

included  in  its  total  revenue  or  cost  in  table  108. 
The  reason  for  this  is  the  fact  that  in  cottonseed 
processing,  seed  is  the  only  important  item  that 
has  a  fixed  supply;  and  this  fixed  supply  is  sub- 
stantially less  than  the  supply  needed  for  con- 
tinuous operation  of  the  industry,  at  normal  rates. 
Under  this  circumstance,  more  efficient  mills  can 
drive  out  the  less  efficient  only  by  forcing  up  the 
price  of  cottonseed,  given  stable  competitive  con- 
ditions. Continued  competition  among  mills  in 
the  more  efficient  industry  will  force  them  to 
maintain  seed  prices  at  a  higher  level  than  did 
competition  in  the  older  and  less  efficient  industry. 

The  influence  of  change  in  mere  type  of  cotton- 
seed oil  mills  on  returns  to  growers  may  now  be 
isolated  by  comparing  the  total  product  revenues 
and  costs  (exclusive  of  seed)  of  marginal  mills 
of  the  alternative  hydraulic,  prepress-solvent, 
direct-solvent,  and  screw-press  industries,  as  shown 
in  table  108.  This  is  true  because  these  mills  (1) 
have  the  same  size  annual  crush  of  10,600  tons  and 
(2)  costs,  including  seed,  are  equal  to  their  respec- 
tive revenues. 

This  comparison  yielded  two  important  con- 
clusions. First,  shift  from  the  current  industry . 
(with  marginal  hydraulic  mill  of  6,000-ton  annual 
crush)  to  either  a  prepress-solvent  or  a  direct- 
solvent  type  industry  (with  a  marginal  mill  of 
10,600-ton  annual  crush)  would  be  more  beneficial 
to  consumers  than  a  shift  to  a  hydraulic  industry 
with  the  same  size  marginal  mill.  For  the  shift  to. 
the  prepress-solvent  process  would  substantially 
lower  the  price  of  oil  through  increasing  the  oil 
supply,  whereas  the  shift  to  larger  hydraulic  mills 
would  leave  the  oil  supply,  and  hence  the  price, 
the  same  as  before.  But  it  would  be  less  beneficial 
to  growers,  even  though  the  total  revenue  under 
these  reduced  oil  prices  would  be  greater  than  that 
of  hydraulic  mills,  without  reduced  oil  prices.  The 
cost  of  the  prepress-solvent  process,  exclusive  of 
seed,  is  enough  higher  to  make  less  money  avail- 
able to  growers  for  seed.  The  same  principle 
applies  to  the  direct-solvent  process. 

The  second  conclusion  is  that  a  shift  from  the 
current  industry  to  a  screw-press  industry  (with  a 
marginal  mill  of  10,600-ton  crush)  would  carry 
some  benefit  to  consumers,  but  it  would  benefit 
growers  more  than  any  other  type  of  shift. 
Through  increasing  total  cottonseed  oil  supply 
by  only  2  percent  and  edible  oils  (excluding  butter 
and  lard)  by  1  percent,  it  was  calculated  to 
benefit  consumers  by  only  1.8  percent  lower  oil 
price  as  compared  with  8.9  percent  by  the  pre- 
press-solvent shift.  But  from  the  grower's  stand- 
point the  benefit  was  calculated  at  $4.60  per  ton  of 
seed,  as  shown  in  table  108. 

It  should  be  emphasized  that  the  preceding 
conclusions  resulted  only  because  the  analysis 
used  alternative  industries  with  marginal-size  mills 
of  10,600-ton  crush  as  compared  with  6,000-ton 
crush  for  the  current  (dominantly)  hydraulic 
industry.  The  result  would  be  different  if  sub- 
stantially larger  marginal  mills,  with,  for  example, 
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Table  110. — Calculated  total  net  revenue  of  different  types  of  cottonseed  oil  mills,  in  mill  area  I,  by  size  of 

annual  crush,  194-9-50 


^w» 

Total  net  revenue 

Annual  crush 

capacity  at  normal  operating  rate) 

Hydraulic 

Screw  press 

Direct 
solvent 

Prepress 
solvent 

(tons) 

Hydrau- 
lic 

Screw- 
press 

Direct 
solvent 

Prepress 
solvent 

Assuming 
deprecia- 
tion and 
interest 

Assuming 
no  depre- 
ciation 

and 
interest 

Assuming 
deprecia- 
tion and 
interest 

Assuming- 
no  depre- 
ciation 

and 
interest 

Assuming 
deprecia- 
tion and 
interest 

Assuming 
deprecia- 
tion and 
interest 

6.000 

Tons 
40 
40 
60 
80 
60 
80 

Tons 

Tons 

Tons 

Dot. 
0 
33,  359 
40,  667 
40,  308 
58,  238 
67,  056 

DoL 
47,  340 
82,  326 
93,  319 
95,  082 
112,  042 
123,  024 

DoL 

Dot. 

Dot. 

DoL 

10,600_ 

50 
75 

100 

80 

52,  356 
55,  630 

102,  675 
1 1 0,  320 

61,  037 

73,  065 

10,600 

10,600 

13,200 

50 

75 

100 

100 

125 

100 

80 

77,  629 

83,  477 

80,  018 

157,  281 

161,357 

129,  848 
140,  078 
143,  220 
226,  322 
239,  395 

99,  462 

111,  210 

13,200 

13,200 

21,100 

80 
100 
120 
100 
240 

100 

160 

131,  641 

128,  811 
136,414 
180,  787 
336,  822 

194,  198 
196,  205 
211,475 
251,  222 
282,  163 

195,  128 

212,  045 

21,100 

21,100 

26,400 
42,200.. 

100 
175 

200 
200 

160 

160 

213,  127 
376,  527 

285,  437 
489,  688 

268,  356 
481,  832 

292,  037 
507,  302 

an  annual  crush  of  40,000  tons,  were  used,  provided 
the  advent  of  such  mills  did  not  do  away  with 
stable  competitive  conditions.  Under  this  cir- 
cumstance, shift  to  the  solvent  process  would  be 
more  beneficial  to  growers  as  well  as  consumers. 
The  reason  is  that,  at  large  tonnages,  differences 
between  prepress-solvent  and  hydraulic  mill  costs, 
exclusive  of  seed,  are  much  less  than  at  small 
tonnages,  as  shown  in  table  109. 

As  previously  stated,  the  average  decline  in  all 
mills,  crushing  less  than  20,000  tons,  has  been 
approximately  11  mills  per  year  since  1926,  and 
those  crushing  10,000  to  20,000  tons  of  seed 
annually  have  been  declining  at  an  average  rate 
of  approximately  3  mills  per  year.  These  facts 
suggest  that  the  industry  is  tending  toward  a 
marginal  mill  crushing  which  would  fall  some- 
where between  20,000  and  40,000  tons. 

It  cannot  be  said,  however,  that  the  advent  of 
solvent  mills  would  drive  out  the  little  hydraulics 
(or  screw-press  mills),  at  least  in  the  visible 
future,  for  two  main  reasons.  First,  many  such 
mills,  operating  for  a  relatively  short  season,  can 
supplement  their  income  from  cottonseed  opera- 
tions through  using  their  management  and  facil- 
ities in  side-line  businesses  such  as  seed  and  feed 
distribution,  fertilizer-mixing,  and  the  like.  In 
this  way,  they  can  substantially  reduce  manage- 
ment and  other  overhead  costs  that  must  other- 
wise be  charged  to  cottonseed  processing. 

Second,  many  small  mills  have  already  written 
off  their  depreciation  and  interest  on  their  initial 
investment.  As  illustrated  in  table  110  analysis 
of  data  in  this  study  suggests  that  not  until  the 
annual  crush  exceeds  20,000  tons  of  seed  do  either 


prepress-  or  direct-solvent  mills  show  a  competi- 
tive advantage  over  hydraulic  mills  which  have 
written  off  their  investments. 

As  older  type  mills  wear  out  or  become  inefficient 
to  the  point  where  new  plant  investment  is  re- 
quired, it  would  be  advantageous  to  shift  to  the 
more  efficient  type  mills.  As  the  investment  on 
solvent  mills  becomes  written  off  over  a  period  of 
time,  the  competitive  position  of  the  less  efficient 
type  mills  will  be  weakened.  If  this  adjustment 
should  continue  until  almost  all  mills  have  shifted 
to  the  more  efficient  types,  the  remaining  mills 
would  be  increasingly  squeezed  between  falling 
oil  prices  and  rising  seed  cost.  If  the  adjustment 
should  further  continue,  under  stable  competitive 
conditions,  until  the  whole  industry  shifts  to  the 
more  efficient  type  processes,  the  gains  in  effi- 
ciency would  have  been  passed  on  to  the  users  of 
cottonseed  oil,  on  the  one  hand,  and  to  the 
growers  of  cottonseed,  on  the  other  hand. 
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daily  crush.  (Includes  supervisory  labor,  but  excludes 
labor  of  superintendent,  manager,  and  office  force,  and 
for  seed  unloading,  storage,  and  packaging.) 

Figure  67. — Calculated  production  man-hour  require- 
ments for  prepress-solvent  cottonseed  oil  mills,  by  size  of 
daily  crush.  (Includes  supervisory  labor,  but  excludes 
labor  of  superintendent,  manager,  and  office  force,  and 
for  seed  unloading,  storage,  and  packaging.) 

Figure  68. — Calculated  production  labor  requirements 
per  ton  of  seed  processed  for  specified  daily  crushes,  by 
type  of  cottonseed  oil  mill  and  size  of  daily  crush. 

Figure  69. — Calculated  salaries  paid  by  cottonseed  oil 
mills  per  ton  of  seed  crushed,  bv  size  of  annual  crush, 
1949-50. 

Figure  70. — Calculated  power  demand  for  cottonseed 
processing,  by  type  of  cottonseed  oil  mill  and  size  of 
dailv  crush. 


Figure  71. — Calculated  power  charge  per  ton  of  seed  proc- 
essed by  4-press  screw-press  mill  operating  at  normal 
rate  for  12-month  season,  mill  areas  I  through  VI  (I — 
southeastern  North  Carolina;  II — Delta,  northeastern 
Arkansas;  III — Delta,  southern  Louisiana;  IV — eastern 
Oklahoma;  V — north  Texas  Blacklands;  VI — central 
California),  1949-50. 

Figure  72. — Calculated  office  expense  of  cottonseed  oil 
mills  per  ton  of  seed  processed,  bv  size  of  annual  crush, 
1949-50. 

Figure  73. — Calculated  travel  and  automobile  expense  of 
cottonseed  oil  mills  per  ton  of  seed  processed,  by  size  of 
annual  crush,  1949-50. 

Figure  74. — Distribution  of  forms  of  cottonseed  meal  sold 
by  cottonseed  oil  mills,  United  States  and  cotton-pro- 
duction regions,  1949-50. 

Figure  75. — Calculated  net  revenue  of  optimum  mill  for 
each  type  of  cottonseed  oil  mill  at  different  volumes  of 
seed  crushed  annually,  mill  areas  I  through  VI  (I — 
southeastern  North  Carolina;  II — Delta,  northeastern 
Arkansas;  III — Delta,  southern  Louisiana;  IV — eastern 
Oklahoma;  V — north  Texas  Blacklands;  VI — central 
California),  1949-50. 

Figure  76. — Calculated  minimum  and  maximum  profit 
differences  resulting  from  a  shift  from  lower  to  higher 
oil-yielding  types  of  cottonseed  oil  mills,  1949-50. 
(Calculations  based  on  estimated  profits  in  six  widely 
separated  mill  areas.) 

Figure  77. — Calculated  effect  of  change  in  type  of  cotton- 
seed oil  mill  on  total  revenue  per  ton  of  seed  at  specified 
crushes  in  mill  areas  I  through  VI  (I — southeastern 
North  Carolina;  II — Delta,  northeastern  Arkansas; 
III — Delta,  southern  Louisiana;  IV — eastern  Okla- 
homa; V — north  Texas  Blacklands;  VI — central  Cali- 
fornia), 1949-50.- 

Figure  78. — Calculated  effect  of  change  in  type  of  cotton- 
seed oil  mill  on  processing  costs  per  ton  of  seed  at  speci- 
fied crushes  in  mill  areas  I  through  VI  (I — southeastern 
North  Carolina;  II — Delta,  northeastern  Arkansas; 
III — Delta,  southern  Louisiana;  IV — eastern  Okla- 
homa; V — north  Texas  Blacklands;  VI — central  Cali- 
fornia), 1949-50. 

Figure  79. — Calculated  minimum  profit  differences  result- 
ing from  a  shift  from  lower  to  higher  oil-yielding  types* 
of  cottonseed   oil   mills,   for  specified   volumes   of  seed 
crushed  annually,  1949-50. 

Figure  80. — Calculated  effect  of  change  in  size  of  all  types 
of  cottonseed  oil  mills  on  total  meal  revenue  per  ton  of 
seed  crushed,  in  mill  areas  I,  II,  and  IV  (I — southeastern 
North  Carolina;  II — Delta,  northeastern  Arkansas; 
IV— eastern  Oklahoma),  1949-50. 

Figure  81. — Calculated  effect  of  change  in  size  of  hydraulic 
cottonseed  oil  mills  and  all  other  types  on  total  meal 
revenue  per  ton  of  seed  processed,  mill  area  III  (Delta, 
southern  Louisiana),  1949-50. 

Figure  82. — Calculated  effect  on  change  in  size  of  each 
type  of  cottonseed  oil  mill  on  total  meal  revenue  per  ton 
of  seed  processed,  mill  area  V  (north  Texas  Blacklands), 
1949-50. 

Figure  83. — Calculated  effect  of  change  in  size  of  each 
type  of  cottonseed  oil  mill  on  total  meal  revenue  per 
ton  of  seed  processed,  mill  area  VI  (central  California), 
1949-50. 

Figure  84. — Calculated  effect  of  change  in  size  of  hydraulic 
cottonseed  oil  mill  on  total  hull  revenue  per  ton  of  seed 
processed,  mill  areas  I  through  VI  (I — southeastern 
North  Carolina;  II — Delta,  northeastern  Arkansas; 
III — Delta,  southern  Louisiana;  IV — eastern  Okla- 
homa; V — north  Texas  Blacklands;  VI — central  Cali- 
fornia), 1949-50. 

Figure  85. — Savings  in  processing  costs  associated  with 
increase  in  size  of  crush,  by  type  of  plant,  mill  areas  I 
through  VI  (I — southeastern  North  Carolina;  II — 
Delta,  northeastern  Arkansas;  III — Delta,  southern 
Louisiana;  IV — eastern  Oklahoma;  V — north  Texas 
Blacklands;  VI— central  California),  1949-50. 

Figure  86. — Frequency  distribution  of  cottonseed  oil  mills, 
by  annual  crush,  United  States,  1950. 
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